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ABSTRACT 

Three  tracer  dye  tests  were  carried  out  on  the  Wapiti  and  Smoky 

Rivers  to  define  the  hydraulic  and  mixing  characteristics  of  the  river 

reach  between  Grande  Prairie  and  Peace  River  for  mid-to-late  winter  ice 

3 

conditions.  Discharges  during  the  tests  ranged  between  13.1  m /s  on  the 

3 

Wapiti  River  up  to  57.5  m /s  on  the  Smoky  River.  Ice  cover  thicknesses 
varied  between  0.43  m and  0.73  m on  both  rivers.  Numerous  open  leads 
were  observed  and  frazil  accumulations  approaching  2 m were  found.  Mean 
velocities  calculated  from  the  travel  times  ranged  between  0.18  m/s  and 
0.40  m/s.  Composite  hydraulic  roughnesses  varied  between  0.042  to 
0.100.  These  composite  roughnesses  can  be  used  to  extrapolate 
velocities  at  other  discharges  provided  that  the  ice  characteristics  do 
not  change  significantly. 

Both  Linear  and  Fickian  dispersion  occurred  in  the  test  reaches. 

The  Linear  dispersion  parameter,  p,  was  found  to  vary  from  0.0146  on  the 

Wapiti  River  to  as  high  as  0.0500  on  the  Smoky  River.  These  values  are 

higher  than  the  values  measured  by  other  investigators,  but  this  is  due 

to  the  high  values  of  hydraulic  roughness  found  in  these  river  reaches. 

The  data  suggests  that  an  ice  cover  also  tends  to  increase  the  magnitude 

of  the  Linear  dispersion  parameter.  Fickian  dispersion  only  occurred  in 

the  test  on  the  upper  part  of  the  Smoky  River.  It  began  about  95  km 

downstream  of  the  injection  site.  The  Fickian  dispersion  coefficient, 

2 

D,  for  this  reach  was  found  to  be  565  m /s.  This  coefficient  is  also 

higher  than  most  other  values  reported  in  the  literature  but  this  is 

again  due  to  the  hydraulic  characteristics  of  the  river  reach. 

Both  the  Linear  and  Fickian  dispersion  models  predicted  much  more 
symmetrical  distributions  than  were  actually  observed.  A composite 
model  incorporating  both  linear  and  Fickian  dispersion  was  developed  to 
model  a pollutant  cloud  as  it  traveled  through  the  whole  reach.  The 

model  required  artificial  time  shifts  to  account  for  changes  in 

hydraulic  and  dispersion  characteristics  from  reach  to  reach. 
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1.0  INTRODUCTION 


1.1  Background 

The  recent  expansion  of  the  forest  products  industry  in  northern 
Alberta  has  increased  awareness  of  the  potential  impacts  that  the 
effluent  from  pulp  mills  may  have  on  water  quality  in  rivers  in  this 
region.  Water  quality  modeling  techniques  are  now  being  used  to 
reassess  the  impacts  of  existing  mill  effluents  as  well  as  to  assess  the 
impacts  of  effluent  from  new  mills.  These  models  provide  a better 
understanding  of  the  effects  of  mill  effluents  on  river  water  quality, 
therefore  it  may  be  possible  to  improve  the  guidelines  for  mill 
operations  to  reduce  potential  unfavorable  effects.  However,  these 
models  can  only  be  used  confidently  if  the  hydraulic  and  mixing 
characteristics  of  the  rivers  are  known. 

The  most  critical  conditions  for  water  quality  in  rivers  in 
northern  Alberta  usually  occur  during  the  winter  period.  In  most  of 
these  rivers  the  lowest  flows  occur  during  the  winter.  These  low  flows 
reduce  the  effluent  assimilation  capacity  of  the  rivers.  As  well,  the 
ice  covers  which  exist  on  these  rivers  during  the  winter  block  the 
reabsorption  of  oxygen,  thus  intensifying  the  effects  of  oxygen 
consumption  by  the  mill  effluents.  Unfortunately,  there  is  a distinct 
lack  of  information  on  the  hydraulic  and  mixing  characteristics  for 
these  low  flow  ice-covered  conditions. 

The  Proctor  and  Gamble  pulp  mill  on  the  Wapiti  River  near  Grande 
Prairie  is  one  of  the  existing  mills  which  is  being  reassessed  using  the 
water  quality  models.  One  of  the  first  steps  in  this  assessment  process 
is  to  determine  the  hydraulic  and  mixing  characteristics  of  the  river 
system  downstream  from  the  effluent  outfall  during  the  critical  low  flow 
winter  period.  To  this  end,  the  Alberta  Research  Council  was  requested 
by  Alberta  Environment  to  conduct  tracer  dye  studies  on  the  Wapiti  and 
Smoky  Rivers  between  Grande  Prairie  and  Peace  River  in  February  of  1990, 
to  measure  travel  times  and  to  determine  the  longitudinal  dispersion 
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characteristics  in  this  river  reach. 

1.2  Objectives 

This  report  addresses  the  objectives  of  the  tracer  dye  studies 
conducted  on  the  Wapiti  and  Smoky  Rivers  in  February,  1990.  These 
objectives  are  to: 

1.  determine  the  travel  times  relative  to  the  hydraulic 

characteristics ; 

2.  to  extrapolate  travel  times  over  a range  of  possible 
discharges  encountered  under  an  ice  cover,  and 


3.  evaluate  the  longitudinal  dispersion  characteristics  relative 
to  the  hydraulic  characteristics. 
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2.0  FIELD  INVESTIGATIONS 

2 . 1 Study  Reaches 

The  247  km  length  of  the  Wapiti  and  Smoky  Rivers  between  Grande 
Prairie  and  Peace  River  was  divided  into  three  reaches  for  which 
separate  dye  tests  were  carried  out.  The  lengths  of  these  reaches 
ranged  between  about  60  km  and  120  km.  The  reaches  were  defined  to 
reflect  more  or  less  unique  channel  characteristics.  These  reaches  were 
als.o  chosen  so  that  each  dye  test  would  be  approximately  the  same 
duration . 

Figure  la-c  illustrates  the  entire  length  of  the  rivers  between 
Grande  Prairie  and  Peace  River  and  indicates  the  pertinent  river 
distances  (from  the  mouth),  the  three  study  reaches,  locations  where  dye 
was  injected,  and  the  sample  sites.  Table  1 summarizes  some  of  this 
information.  The  dye  was  always  injected  at  the  upstream  end  of  each 
reach  and  concentrations  were  measured  at  three  locations,  at  least. 
The  original  intention  was  to  break  each  reach  into  subreaches  of 
approximately  25  - 30  km  in  length.  Unfortunately,  limited  access  to 
the  rivers  in  some  remote  areas  resulted  in  some  of  the  subreaches 
approaching  lengths  of  45  km.  Dye  injections  proceeded  from  downstream 
to  upstream  to  eliminate  background  interference  from  residual  dye 
remaining  from  upstream  tests. 

It  was  originally  intended  that  the  study  reach  on  the  upper  part 
of  the  Smoky  River  begin  at  the  Wapiti/Smoky  confluence  rather  than  at 
the  Buffalo  Farm.  However,  poor  visibility  due  to  a snow  storm  on  the 
day  of  injection  caused  the  injection  team  to  mistake  the 
Simonette/Smoky  confluence  for  the  Wapiti/Smoky  confluence.  The  dye  was 
injected  at  the  first  access  site  downstream  of  the  assumed  confluence. 
To  obtain  data  on  this  omitted  section  of  river,  the  Wapiti  River  study 
reach  was  extended  to  include  the  Smoky  River  downstream  to  the  Hwy  34 
Bridge  at  Bezanson. 
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Table  1 Summary  characteristics  of  the  dye  tests 


Reach 

Length 

(km) 

Date 

1990 

Number  of 
Sample  Sites 

Duration  of 
Test  (hours) 

Dye  Volume 
( 1 iters) 

Wat i no 

- Smoky/Peace 
Conf 1 uence 

71 

Feb.06-Feb.ll 

3 

117 

12 

Buffalo  farm 
- Watino 

121 

Feb . 1 1-Feb . 18 

4 

164 

19 

Skihi  1 1 
- Bezanson 

64 

Feb . 20-Feb . 24 

4 

96 

4 

2.2  Methodology 
2.2.1  Injection 

For  each  dye  test,  a predetermined  volume  of  20%  Rhodamine  WT  dye 
was  mixed  with  an  equal  volume  of  methyl  alcohol.  The  methyl  alcohol 
was  used  to  adjust  the  specific  gravity  of  the  dye  mixture  to  that  of 
water.  At  injection,  a number  of  20  cm  diameter  holes  were  augered 
through  the  ice  to  define  the  zone  of  highest  flow  intensity.  Once  the 
injection  site  was  chosen,  another  senes  of  holes  were  augured  upstream 
to  serve  as  a water  supply  to  flush  the  injection  apparatus.  The 
injection  apparatus  consisted  of  a 1.5  m length  of  8 cm  diameter  ABS 
pipe. 

The  injection  apparatus  was  lowered  into  the  hole  such  that  the 
outlet  was  located  in  the  center  of  the  flow,  midway  between  the  bed  and 
the  bottom  of  the  ice  cover.  If  a longer  length  of  pipe  was  required  to 
achieve  the  desired  injection  configuration,  aim  long  section  could  be 
added  to  the  original  length  of  pipe  by  a friction  coupling.  Once  the 
injection  apparatus  was  properly  positioned,  it  was  held  in  place 
against  the  ice  by  a tripod  located  on  the  ice  surface.  The  pre-mixed 
dye  was  then  simply  poured  into  the  pipe  via  a funnel,  followed  immedi- 
ately by  20  to  40  L of  clean  river  water  to  ensure  all  the  dye  was 
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removed  from  the  ABS  pipe  and  from  the  container  holding  the  dye. 

By  this  method,  all  the  dye  was  easily  injected  into  the  flow  over 
an  almost  instantaneous  time  period.  Only  minor  spillage  occurred  and 
only  a very  minute  amount  of  dye  remained  in  either  the  container  or  the 
injection  pipe. 

2.2.2  Sampling 

The  sampling  sites  were  established  at  locations  where  access  was 
available.  Following  injection  at  the  upstream  end  of  the  river  reach 
being  character! zed , two  crews  of  two  persons  followed  the  dye  cloud 
downstream,  each  of  the  crews  sampling  at  alternating  sites.  At  each 
site,  a number  of  20  cm  diameter  holes  were  augured  through  the  ice  to 
establish  the  flow  depth  and  the  ice  thickness.  The  water  level  was 
referenced  to  temporary  benchmarks  so^  that  water  surface  slope  profiles 
could  be  established  at  a later  date. 

The  dye  cloud  was  sampled  over  three  holes  across  the  channel  in 
most  cases.  The  centerline  sampling  location  was  established  in  the 
main  part  of  the  flow  and  two  secondary  sampling  holes  were  established 
midway  between  the  centerline  sampling  hole  and  both  the  left  and  right 
banks.  Only  one  sample  hole  was  established  at  the  Bezanson  sample  site 
because  extensive  frazil  accumulations  limited  flow  in  the  rest  of  the 
cross  section. 

Sufficient  samples  were  taken  at  each  of  the  sampling  sites  to 
completely  characterize  the  dye  cloud.  Two  or  more  samples  were  taken 
to  establish  background  florescent  levels  and  at  least  20  samples  were 
taken  over  the  duration  of  the  dye  cloud.  Depending  on  the  duration  of 
the  dye  cloud  the  interval  between  samples  varied  between  5 minutes  and 
2 hours.  The  secondary  sample  sites  were  established  to  assess  the 
extent  of  lateral  mixing  and  to  improve  the  estimates  of  the  total 
volume  of  dye  passing  the  sampling  site. 


As  mentioned  earlier,  the  entire  dye  cloud  was  measured  as  com- 
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pletely  as  possible.  Special  care  was  taken  to  define  the  time  of  first 
rise  and  the  time  of  peak.  Generally,  the  frequency  of  sampling  was 
increased  during  those  two  periods.  On  the  falling  limb  of  the  concen- 
tration curve,  sampling  was  continued  until  it  was  judged  that  the 
fluorescence  was  reduced  to  20%  of  the  peak  and  that  the  tail  of  the 
curve  could  be  confidently  extrapolated.  In  some  cases,  however,  the 
tails  of  the  dye  cloud  were  cut  short  in  order  to  give  sufficient  time 
to  go  to  the  next  sampling  site. 

As  soon  as  the  samples  were  collected,  they  were  transported  to  the 
mobile  laboratory  which  each  crew  had  at  its  disposal.  The  samples  were 
maintained  at  temperatures  of  about  0 - 2°C  (very  nearly  that  of  the 
river)  and  immediately  run  through  the  Turner  Designs  Model  10  fluoro- 
meter  and  the  results  recorded.  Where  the  scales  on  the  fluorometer 
overlapped,  readings  were  taken  on  both  scales  to  ensure  consistency 
over  the  range  of  the  two  scales  of  the  fluorometer. 

2.2.3  Calibration  and  Data  Reduction 

Two  fluorometers  were  used  during  the  field  study  - the  ARC  Turner 
Designs  Model  10  field  unit  and  the  U of  A Turner  Designs  Model  10  rack 
mounted  unit.  Each  was  kept  with  the  same  crew  for  the  duration  of  the 
entire  campaign.  Prior  to  the  field  work,  a set  of  standards  was  pre- 
pared and  both  instruments  were  calibrated  at  20°C  for  the  set  of  stan- 
dards over  a number  of  scales.  After  the  field  work,  the  instruments 
were  recalibrated  both  at  20°C  for  a number  of  standards  over  a number 
of  scales,  and  at  0°C  for  two  standards  over  the  two  most  used  ranges. 
There  was  essentially  no  difference  between  the  pre-  and  post-field  work 
,cal ibrat ions . 

A simple  least  squares  linear  relationship  was  established  for  each 
scale  and  the  fluorescent  values  recorded  in  the  field  were  transformed 
into  true  fluorescent  values,  assuming  the  samples  were  collected  at 
20°C.  The  final  adjustment  was  made  to  compensate  for  temperature. 
Each  value  was  multiplied  by  0.62,  the  ratio  of  fluorescence  between 
20°C  and  0°C.  The  data  was  then  plotted  and  the  pertinent  character- 
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istics  computed. 

2.3  Discharge  Measurements 

All  discharge  measurements  necessary  to  characterize  the  hydraulic 
conditions  of  each  of  the  reaches  were  made  by  the  Water  Survey  Section 
of  Alberta  Environment.  Two  discharge  measurements  were  generally  made 
in  each  test  reach.  The  first  measurement  was  made  as  close  as  possible 
to  the  time  and  location  of  the  injection  and  the  second  measurement  was 
made  at  the  end  of  the  .reach  near  the  last  sample  site.  This  second 
measurement  was  not  done  on  the  lower  Smoky  test  reach.  Little  or  no 
inflow  was  apparent  in  this  reach  so  the  discharge  measured  at  Watino 
was  assumed  for  the  whole  reach.  In  the  other  test  reaches, 

measurements  were  also  made  on  major  tributaries  at  the  appropriate 
times.  Figure  2 illustrates  the  discharge  measurements  in  each  of  the 
study  reaches  and  table  2 summarizes  the  adopted  discharges  used  in  the 
travel  time  analysis. 
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Table  2 Summary  of  adopted  discharges 


Reach 

Date 

Discharge 

(m3/s) 

Sk i h i 1 1 - Bezanson : 

Feb . 

20 

- Feb. 

24 

Skihill  - Big  Mountain  Cr. 

Feb . 

20 

- 21 

13.1 

Big  Mountain  Cr.  - Bear  R. 

Feb . 

21 

- 22 

13.1 

Bear  R.  - Wapiti/Smoky  Confl. 

Feb . 

22 

- 23 

13.1 

Wapiti/Smoky  Confl.  - Bezanson 

Feb . 

23 

- 24 

42.8 

Buffalo  farm  - Watino: 

Feb . 

11 

- Feb. 

16 

Buffalo  farm  - Bezanson 

Feb . 

11 

- 12 

48.2 

Bezanson  - Puskwaskau  R. 

Feb . 

12 

- 13 

48.2 

Puskwaskau  R.  - Codesa 

Feb . 

13 

- 14 

51.1 

Codesa  - Watino 

Feb . 

14 

- 16 

51.1 

Watino  - Smoky/Peace  Confl.: 

Feb . 

06 

- Feb. 

09 

Watino  - Tangent 

Feb . 

06 

- 07 

45.2 

Tangent  - Ice  Bridge 

Feb . 

07 

- 08 

45.2 

Ice  Bridge  - Smoky/Peace  Confl. 

Feb . 

08 

- 09 

45.2 
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3.0  TRAVEL  TIME  ANALYSIS 

3.1  Channel  Hydraulics 

The  hydraulic  characteristics  of  the  Wapiti  and  Smoky  Rivers 
between  Grande  Prairie  and  Peace  River  vary  considerably  during  periods 
of  low  flow.  The  effects  of  an  ice  cover  tend  to  increase  this 
var iabi 1 lty  as  well. 

Ice  cover  formation  on  these  rivers  occurs  by  a combination  of  the 
juxtaposition  of  ice  floes  (which  includes  the  redistribution  of  frazil) 
and  by  the  consolidation  of  a juxtaposed  cover  in  locations  where  the 
longitudinal  forces  on  an  advancing  ice  cover  exceed  the  strength  due  to 
downward  freezing  of  the  juxtaposed  cover.  This  consolidation  process 
will  increase  ice  thicknesses  and  may  leave  shear  walls  on  the  banks 
which  reduce  the  effective  width  of  the  river  in  some  locations.  High 
local  velocities,  even  at  the  low  flows  during  freeze-up,  and  the 
existence  of  numerous  open  leads  result  in  the  formation  and  subsequent 
deposition  of  significant  amounts  of  frazil.  This  frazil  tends  to 
deposit  in  low  velocity  areas,  hence  concentrating  the  flow  in  the 
portion  of  the  river  cross  section  which  offers  the  least  resistance  to 
flow.  In  some  locations,  frazil  accumulations  were  found  approaching 
2 m in  th i ckness . 

Table  3 summarizes  the  measured  hydraulic  characteristics  at  each 

of  the  sample  sites.  The  plotted  cross-sections  at  these  sites  can  be 

seen  in  Appendix  A.  Measurements  at  the  Smoky-Peace  confluence  were 

affected  by  backwater  from  ice  formation  in  the  Peace  River  and  hence  do 

not  represent  uniform  flow  conditions.  The  ice  thickness  was  found  to 

vary  between  0.43  - 0.73  m on  both  the  Wapiti  and  Smoky  Rivers.  Top 

width  varied  between  45  m and  76  m on  the  Wapiti  River  and  between  60  m 

and  190  m on  the  Smoky  River.  The  narrow  sections  at  Big  Mountain  Creek 

on  the  Wapiti  River  and  at  Puskwaskau  River  and  Tangent  on  the  Smoky 

River  were  constricted  by  shear  walls  formed  by  consolidation  of  the  ice 

2 2 

cover  during  freeze-up.  Flow  area  varied  between  23  m and  102  m on 

2 2 

the  Wapiti  River  and  between  70  m and  295  m on  the  Smoky 


. 
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Table  3 Summary  of 
sites . 

local 

hydraulic 

characteristics 

at  the 

sample 

Location 

Ice 

Discharge 

Flow 

Top 

Flow 

Velocity 

Thickness 

Area 

Width 

Depth 

^wy  40  Bridge 

(m) 

(m  /s) 

(m2) 

(m) 

(m) 

(m/s) 

0.55 

13.1 

83.4 

59. 

1.41 

0.16 

Big  Mountain  Cr . 

0.55 

13.1 

23.4 

245. 

0.52 

0.56 

Bear  River 

0.73 

13.1 

63.1 

67. 

0.94 

0.21 

Wapiti/Smoky  Conf  1 . 

0.61 

13.1 

102.5 

76. 

1.35 

0.13 

1 Bezanson 

0.43 

48.2 

107.5 

161. 

0.67 

0.45 

Puskwaskau  R. 

0.61 

48.2 

70.0 

260. 

1.17 

0.69 

Codesa 

0.49 

51.1 

3295.0 

110. 

2.66 

0.17 

Wat i no 

0.50 

57.5 

251.0 

192. 

1.31 

0.23 

T angent 

0.55 

45.2 

103.0 

293. 

1.11 

0.44 

Ice  Bridge 

0.73 

45.2 

140.0 

190. 

0.74 

0.32 

4 

Smoky/Peace  Conf  1 . 

0.44 

45.2 

942.5 

229. 

4.12 

0.05 

discharge  measurement  site 

assuming  no  flow  under  jumbled  ice  on  sides  of  channel 
some  area  blocked  by  frazil  - effective  area  may  be  less 
backwater  effect  from  the  Peace  River  ice  formation 
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River.  It  was  assumed  that  no  flow  occurred  under  the  shear  walls  in 
the  constricted  sections.  In  sections  where  significant  amounts  of 
frazil  was  present,  the  area  of  the  cross-section  occupied  by  frazil  was 
estimated  and  the  flow  area  reduced  accordingly. 

Generalization  of  the  hydraulic  characteristics  measured  at  the 
individual  sites  into  reach-averaged  characteristics  for  each  of  the 
subreaches  was  done  by  defining  the  mean  velocity,  U for  each  subreach 
as  x/t  , where  x is  the  reach  length  and  t is  the  time  it  takes  for  the 
peak  of  the  dye  cloud  to  pass  through  the  reach.  These  time  of  travel 
measurements  and  resultant  mean  velocities  are  shown  in  table  4. 

There  is  some  question  about  the  accuracy  of  estimating  the  time  of 
travel  on  the  basis  of  the  peak  of  the  dye  cloud  rather  than  its 
centroid.  Beltaos  (1978b)  suggests  that  the  majority  of  the  dispersion 
is  not  Fickian  .and  therefore  the  travel  time  associated  with  the  peak 
concentration  of  the  dye  cloud  is  more  representative  of  the  mean 
velocity.  This  is  contrary  to  the  school  of  thought  which  defines  the 
mean  velocity  on  the  basis  of  the  centroid  of  the  dye  cloud.  The 
analysis  herein  uses  the  peak  concentration  to  compute  the  mean  velocity 
because  the  peak  time  does  not  include  the  effects  of  the  storage  and 
subsequent  slow  release  of  dye  from  stagnant  pools  in  the  reach 
upstream. 

Using  the  time  of  travel  of  the  peak  to  determine  the  mean  velocity 
may  lead  to  under  estimating  the  time  of  travel  if  mixing  across  the 
channels  not  fully  established.  That  is,  the  dye  moves  primarily  in  the 
zone  of  high  velocity  and  hence  the  velocity  is  over  estimated  because 
the  entire  flow  is  not  represented.  It  is  estimated  that  fully  mixed 
conditions  (over  98%  of  the  width)  are  achieved  within  3.4  to  20  km  from 
injection,  depending  upon  the  hydraulic  characteristics,  and  thus  the 
velocities  in  the  reaches  immediately  downstream  of  each  injection  point 
maybe  overestimated  by  between  2 and  10%.  It  is  also  possible  that  the 
boundary  layer  adjacent  to  each  bank  may  not  be  represented  by  the 
measured  dye  cloud.  The  width  of  this  boundary  layer  is  approximately 
twice  the  mean  depth.  Thus,  with  width  to  depth  ratios  in  the  order  of 


16. 


Table  4 Summary  of  average  hydraulic  characteristics  in  late  winter 
for  each  subreach. 


Subreach 

Travel 
T ime 

Reach  Vel- 
Length  ocity 

(hrs) 

(km) 

(m/s) 

Skihi  1 1 

-Big  Mountain  Cr  . 

14.25 

14.8 

0.288 

Big  Mountain  Cr. 
-Bear  River 

21.80 

18.8 

0.240 

Bear  River 
-Wapiti /Smoky  C. 

17.45 

11.4 

0.182 

Wapiti/Smoky  C. 
-Bezanson 

20.50 

19.2 

0.260 

Buffalo  Farm 
-Bezanson 

10.92 

9.2 

0.234 

Bezanson 

-Puskwaskau  River 

29.95 

37.7 

0.350 

Puskwaskau  River 
-Codesa 

29.80 

30.3 

0.282 

Codesa 
-Wat i no 

39.11 

43.8 

0.311 

Wat  i no 
-Tangent 

29.23 

30.1 

0.286 

T angent 
-Ice  Bridge 

17.95 

25.8 

0.399 

Ice  Bridge 
-Smoky/Peace  C. 

30.05 

14.9 

0.138 

Dis- 

charge 

Slope 

Top 

Width 

Flow  Composite 
Depth  Roughness 

(m3/s) 

(m) 

(m) 

13.1 

0.00077 

52.0 

0.87 

0.055 

13.1 

0.00082 

56.0 

0.97 

0.074 

13.1 

0.00080 

71.5 

1.01 

0.099 

42.8 

0.00072 

161.0 

1.02 

0.066 

48.2 

48.2 

0.00078 

110.0 

1.25 

0.058 

51.1 

0.00074 

85.5 

2.12 

0.100 

51.1 

0.00087 

152.0 

1.08 

0.063 

45.2 

0.00090 

142.0 

1.11 

0.071 

45.2 

0.00096 

142.0 

0.80 

0.042 

45.2 
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100  to  1,  the  errors  produced  by  this  phenomenon  are  less  than  \l. 

The  mean  velocity  and  the  adopted  discharge,  Q were  used  to 
determine  the  flow  area,  A for  each  subreach.  The  top  width,  W was 
obtained  by  averaging  the  measured  top  widths  at  each  end  of  the 
subreach.  From  the  flow  area  and  top  width,  the  mean  depth,  d and  the 
hydraulic  radius,  A/2W  could  be  calculated.  From  these,  the  composite 
Manning  roughness,  no  was  determined  by: 

[1]  no  = ( (A/ 2W ) 2/3  AS 1 /2 ) / Q 

where  S is  the  average  water  surface  slope  estimated  from  topographic 
maps.  Table  4 summarizes  the  results. 

The  composite  roughness  was  found  to  vary  from  0.042  to  0.100. 
This  is  higher  than  the  open  water  roughness  of  0.039  given  by 
Kellerhals,  Neill  and  Bray  (1972)  for  both  the  Wapiti  River  at  Grande 
Prairie  and  the  Smoky  River  at  Watino.  This  increase  in  roughness  is 
caused  by  the  combination  of  an  ice  cover  and  very  low  flows  in  the 
winter.  Both  these  factors  increase  the  effect  of  form  roughness.  Bed 
forms  and  changes  in  channel  geometry  become  much  larger  relative  to  the 
flow  depth,  while  the  ice  cover  and  accompanying  frazil  deposits  produce 
additional  variations  in  channel  geometry.  The  actual  roughness  of  the 
bottom  surface  of  the  ice  cover  may  also  play  a role  in  increasing 
composite  roughness  especially  in  areas  where  shoving  has  occurred. 

When  a similar  analysis  was  done  on  the  Athabasca  River  between 
Hinton  and  Athabasca  (Andres,  Van  Der  Vinne,  and  Trevor,  1989),  this 
increase  in  roughness  for  low  flow  winter  conditions  was  not  observed. 
The  composite  roughness  was  found  to  vary  between  0.025  and  0.040 
mostly.  These  values  were  similar  to  the  open  water  roughness  of  0.028 
to  0.034  reported  by  Kellerhals  et  al.  (1972).  This  difference  in  the 
effects  of  an  ice  cover  on  the  hydraulic  roughness  cannot  be  explained 
at  this  time.  More  effort  must  be  made  to  quantify  the  ice  cover 
characteristics  if  this  difference  is  to  be  resolved. 
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3.2  Generalized  Travel  Times 

The  travel  times  for  any  given  discharge  are  related  to  the  mean 
velocity  of  the  flow.  Because  the  mean  velocity  varies  monoton i ca 1 ly 
with  discharge  in  most  cases,  the  measured  travel  times  or  velocities 
are  only  valid  for  the  discharges  at  which  the  measurements  were  carried 
out . 


The  extrapolation  to  other  discharges  can  be  made  by  combining  the 
equation  of  continuity: 

[2]  U = Q/Wd 

with  a roughness  equation  such  as  the  Manning  equation: 


[3] 


Q = (l/n0)  R2/3 


W d S 


1/2 


for  which  all  the  variables  have  been  defined  previously. 

It  should  be  noted  that  for  a wide,  ice  covered  channel,  the 
hydraulic  radius,  R is  given  by: 

[4]  R = A/2W  = d/2 

to  account  for  both  the  top  and  bottom  boundaries.  Combining  equations 
[2],  [3],  and  [4]  produces  equation  [5]  which  defines  the  mean  velocity 

in  terms  of  the  width,  the  slope  and  the  composite  roughness 

[5]  U - (Q/2W)0'4  (S®  5/ne)0  6 

Thus  for  a given  river  reach,  with  known  values  of  S,  W and  n , the 
velocity,  and  hence  the  travel  time,  can  be  obtained  for  any  given 
d i scharge . 


Average  Velocity  (m/s) 


Figure  3 Relationships  between  mean  velocity  and  discharge  for  the 
Wapiti  and  Smoky  Rivers  under  an  ice  cover. 

Hodgson  and  Barth  (1989)  present  data  from  other  t ime-of-trave 1 
studies  on  the  Wapiti  and  Smoky  rivers  performed  by  Beak  Associates 
Consulting  Ltd  for  Proctor  and  Gamble  Cellulose.  When  this  data  was 
incorporated  in  the  analysis  (figure  3),  the  variation  of  velocity  with 
discharge  under  an  ice  cover  was  determined  to  be 

[6]  U = 0.0568  Q®  576 
for  the  Wapiti  River  and 

0 4 9 9 

[7]  U = 0.0425  Q ' 

for  the  Smoky  River.  Note  that  in  both  cases  the  discharge  is  raised  to 
a power  greater  than  the  power  of  0.4  predicted  by  equation  [5].  This 
is  likely  because  the  roughness  is  not  constant  at  these  low  discharges 
but  tends  to  increase  with  decreasing  discharge.  The  roughness  heights 


■ 
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become  more  significant  compared  to  the  flow  depth  and  the  assumption  of 
uniform  flow  inherent  in  Manning's  equation  begins  to  break  down. 
Manning's  equation  can  still  be  used  but  some  means  of  estimating  the 
appropriate  no  value  must  be  found.  In  this  case,  where  a number  of 
measurements  are  available,  it  is  best  to  use  the  relationships 
described  in  equations  [6]  and  [7]  to  predict  velocities. 
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Figure  4 Variation  of  time-to-peak  with  distance  from  injection. 


According  to  E 1 had i et  al  (1984),  vertical  variations  in  concentration 
are  less  than  2%  at  a distance  Lv  downstream  from  a source  located  at 
mid-depth  when 

[8]  Ly  = 1.8  d U/U. 

where  is  the  shear  velocity  defined  by 

[9] ,  u.  = ( gRS ) 1 /2 

in  which  g is  the  acceleration  due  to  gravity.  The  vertical  mixing 
lengths  for  the  test  reaches  range  between  7 m and  11  m (table  6). 
Thus,  it  can  be  assumed  that  vertical  mixing  is  instantaneous  compared 
to  the  total  reach  lengths. 
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4.0  LONGITUDINAL  DISPERSION  ANALYSIS 

4.1  Reach-average  Hydraulic  Characteristics 

Reach-average  hydraulic  characteristics  are  required  to  determine 
the  nature  of  longitudinal  dispersion  in  the  Wapiti  and  Smoky  Rivers 
from  the  data  obtained  in  the  tracer  dye  tests.  These  hydraulic 
characteristics  include  river  velocity,  slope,  width  and  depth. 

Reach-average  velocities  can  be  obtained  from  the  slope  of  the 
time-to-peak  versus  distance  data  for  each  reach  as  seen  in  figure  4. 
Velocities  were  quite  consistent  in  all  three  test  reaches.  Only  the 
velocity  near  the  Smoky/Peace  confluence  deviates  significantly  from 
average  as  was  stated  in  the  previous  section.  Reach-average  values  of 
slope  and  width  were  calculated  from  the  subreach  values  given  in 
table  4.  Reach-average  flow  depths  were  calculated  from  the  average 

discharge,  velocity  and  widths  for  each  reach.  All  these  hydraulic 
characteristics  are  given  in  table  5. 

Table  5 Reach-average  hydraulic  characteristics. 


Reach 

Discharge 

Slope 

Width 

Velocity  Depth 

Shear 

Composite 

3 

Velocity 

Roughness 

(m  /s) 

(m) 

(m/s) 

(m) 

(m/s) 

Wapiti 

R. 

13.1 

0.00081 

59.8 

0.244 

0.90 

0.0598 

0.068 

Upper 

Smoky  R. 

51.1 

0.00079 

115.8 

0.306 

1.44 

0.0747 

0.074 

Lower 

Smoky  R. 

45.2 

0.00093 

142.0 

0.317 

1.00 

0.0675 

0.061 

4.2  Mixing  Zone 
4.2.1  Vertical  Mixing 

The  mixing  process  in  rivers  begins  as  a three-dimensional  process 
but  the  pollutant  concentration  quickly  becomes  uniform  over  the  depth. 
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Table  6 Summary  of  mixing  lengths. 


Reach 

Reach 

Vertical 

Transverse 

Estimated 

Length 

Mixing 

Mixing 

Linear  Mixing 

Length 

Length 

Length,  a. =1.0 

(km) 

(m) 

(km) 

(km) 

Wapiti 

45.0 

6.6 

3.4 

16.2 

Upper  Smoky 

121.0 

10.6 

8.0 

38.2 

Lower  Smoky 

55.9 

8.5 

19.9 

94.7 

4.2.2  Transverse  Mixing 

Once  the  pollutant  concentration  becomes  uniform  over  the  depth, 
the  mixing  can  be  treated  as  a two-dimensional  problem.  Further 
downstream,  the  pollutant  concentration  becomes  essentially  uniform  over 
the  width  of  the  channel  as  well.  Transverse  mixing  is  essentially 
complete  at  a distance  Lt  from  a source  located  at  mid-width  when 

[10]  Lt  = (0.5U/ez)(W/2)2 

where  ez  is  the  transverse  mixing  coefficient. 

Values  of  e z / dU ^ range  between  0.4  and  0.8  for  natural  streams 
(Fischer  et  a 1 , 1979);  however,  these  values  were  measured  in  open 

water.  Engmann  (1974)  found  that  in  laboratory  channels  values  of  ez 
for  flows  with  top  covers  were  only  half  as  large  as  those  for 
corresponding  free  surface  flows.  Engmann  proposed  that  e2  was 
proportional  to  the  hydraulic  radius,  R rather  than  the  flow  depth,  d. 
Beltaos  (1978a),  however,  measured  transverse  mixing  under  ice  covers  in 
natural  streams  and  found  that  e was  more  a function  of  d than  R.  This 

z 

conflict  has  not  been  resolved  so  it  best  to  use  the  field  data  as  a 
guide  rather  than  the  laboratory  data.  Therefore,  assuming  a typical 
value  of  e2/dU0  of  0.6,  equation  [10]  becomes 

Lt  = 0.21  (U/UJ  (W2/d) 


[11] 
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Estimates  of  Lt  range  from  about  3.4  km  in  the  Wapiti  River  to  20  km  in 
the  lower  reach  of  the  Smoky  River  (table  6). 

4.2.3  Linear  Dispersion 

When  transverse  mixing  is  complete,  further  mixing  is  due  to 
longitudinal  dispersion,  the  process  which  increases  the  spread  of 

pollutant  along  the  channel  length  as  the  pollutant  travels  downstream. 
Data  from  a large  number  of  field  studies  by  numerous  investigators 
indicate  that  the  onset  of  Fickian  dispersion  is  delayed  for  some 

distance  downstream  after  transverse  mixing  is  completed  (Beltaos, 

1978b).  In  this  Linear  dispersion  zone,  differential  advection  and 
variations  in  channel  geometry  cause  longitudinal  dispersion  to  occur 
more  quickly  than  predicted  by  the  Fickian  dispersion  model  discussed  in 
the  following  section.  The  field  measurements  suggest  that  in  this  zone 
the  standard  deviation  of  the  time-concentration  distribution,  o{  grows 
linearly  with  distance;  hence,  this  type  of  dispersion  is  called 

' 1 inear  1 dispersion. 

The  location  of  the  transition  from  Linear  dispersion  to  Fickian 
dispersion  can  be  estimated  using 

[12]  Ll  = aL(W2/d)(U/U.) 

where  aL  is  a factor  varying  between  0.48  and  1.8  depending  on  the 
degree  of  channel  irregularity.  The  transition  occurs  between  Ll  and 
3Ll,  This  Linear  mixing  length  can  be  estimated  for  the  Wapiti  and 

Smoky  Rivers  by  assuming  that  <*L  = 1.0.  Estimated  values  of  Ll  are 
given  in  table  6 along  with  the  other  mixing  lengths. 

No  analytical  solution  exists  for  linear  dispersion  so  Beltaos 
(1978b)  proposed  the  following  empirical  solution  based  upon  the 
ex  i st i ng  data 

i 


[13] 
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Figure  5 Definition  sketch  for  variables  describing  time-concentration 
d i str ibut ions 


where  0 i s a parameter  defined  by 


LU/x-l 


The  calculation  of  0 from  measured  concentrations  can  be  simplified 
by  defining  the  pollutant  spread  in  terms  of  the  half-duration,  AT 
rather  than  the  standard  deviation,  o{.  This  eliminates  the  problems  in 
evaluating  a{  due  to  incomplete  measurements  on  the  falling  limb.  The 
half-duration  is  defined  as  the  period  of  time  during  which  the 
concentration  is  greater  than  one-half  of  the  peak  concentration  (figure 
5).  The  half-duration,  AT  of  the  empirical  curve  described  by  equation 
[13]  is  equal  to  2.36  ; therefore,  0 can  be  defined  in  terms  of  AT 


[15] 


Lu/xJ 
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4.2.4  Fickian  Dispersion 


The  final  mixing  process  is  termed  Fickian  dispersion.  This 
process  can  be  modeled  using  the  one-dimensional  mixing  equation 


[16] 


5C  ,,6C  C 

— + U — = D — *■ 


fit  6x 


fix 


which,  for  a mass,  M instantaneously  released  throughout  a 
cross-section,  has  the  solution 


[17] 


MU 


2QS  7rD  t 


exp 


(x-Ut) 

4Dt 


2-. 


where  C is  the  cross-sectional  average  concentration.  The  properties  of 


this  analytical 

solution  indicate 

be  def i ned  by 

i 2 

U~ 

da 

[18]  D = - 

l 

2 

dx 

That  is,  the 

rate  of  change 
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4.3  Dispersion 

Parameters 

is 


The  dispersion  parameters  discussed  in  the  previous  sections  can  be 
evaluated  using  variables  describing  the  cross-sectional  average 
time-concentration  distributions.  The  variables  describing  these 

distributions  at  each  location  are:  t ime-to-peak , t ; half-duration,  AT; 

2 p 
variance,  at  ; peak  concentration,  Cp;  and  mass  recovery  ratio,  M/Mo.  A 

summary  of  these  variables  for  each  location  is  given  in  table  7. 

The  Linear  dispersion  parameter,  0 can  be  evaluated  using  equation 
[15].  Reach-average  values  of  0 for  the  Wapiti  and  Smoky  rivers  can 
therefore  be  obtained  from  the  slopes  of  the  best-fit  lines  through  the 
half-duration  versus  time-to-peak  data  shown  in  figure  6.  Values  of  0 
listed  in  table  8 range  from  0.0146  on  the  Wapiti  River  to  0.0500  in  the 
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Table  7 Summary  of  cross-section  average  time-concentration 
distribution  variables. 


Location 

Distance 

T ime 

Half- 

Variance 

Peak 

Mass 

from 

to 

duration 

Concen- 

Recovery 

Injection 

Peak 

tration 

Ratio 

(km) 

( hr  s ) 

( hr  s ) 

(hrs2) 

Ug/L) 

Skihill  injection 

B i g Mounta i n Cr . 

14.8 

14.25 

4.91 

5.24 

2.459 

0.723 

Bear  River 

33.6 

36.05 

11.36 

18.44 

0.705 

0.425 

Wapiti/Smoky  Confl 

. 45.0 

53.50 

14.28 

85.56 

0.479 

0.512 

Bezanson 

64.2 

74.00 

20.98 

65.86 

0.135 

0.501 

Buffalo  farm  injection 

Bezanson 

9.2 

10.92 

3.70 

4.75 

3.950 

0.715 

Puskwaskau  River 

46.9 

40.87 

15.31 

48.87 

1.085 

0.778 

Codesa 

77.2 

70.67 

23.49 

144.17 

0.665 

0.835 

Wat ino 

121.0 

109.78 

39.03 

274.56 

0.351 

0.622 

Watino  injection 

Tangent 

30.1 

29.23 

13.83 

25.60 

0.953 

0.821 

Ice  Bridge 

55.9 

47.18 

25.83 

75.49 

0.491 

0.771 

Smoky/Peace  Conf 1 . 

70.8 

77.23 

36.52 

161.13 

0.260 

0.597 

Table  8 Summary  of  dispersi 

on  parameters. 

Reach 

Linear 

Linear 

Linear 

Fickian 

Dispersion 

Mixing 

Mixing  Length 

Dispersion 

Parameter 

Length 

Factor 

Coefficient 

0 

Ll 

(km) 

“L 

D 

(nr2/s) 

Wapiti 

0.0146 

>30.5 

>1.88 

>554 

Upper  Smoky 

0.0222 

30.4 

0.80 

565 

Lower  Smoky 

0.0500 

>42.8 

>0.45 

>1186 
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Figure  6 Variation  of  half-duration  with  time-to-peak  from  injection. 


lower  reaches  of  the  Smoky  River.  These  values  of  0 are  higher  than 
values  measured  by  most  other  investigators;  however,  they  are 
consistent  with  the  trend  of  increasing  0 with  IWU  shown  in  figure  7 
(Beltaos,  1978b).  The  data  shown  in  this  figure  also  suggests  that  the 
presence  of  an  ice  cover  tends  to  increase  the  magnitude  of  the  Linear 
dispersion  parameter. 

Values  of  D can  also  be  evaluated  from  dye  test  data  provided  that 

the  test  reaches  extend  into  the  Fickian  range.  As  stated  in  equation 
2 

[18],  ot  vs  x is  linear  in  the  Fickian  range  and  D is  proportional  to 
the  slope  of  this  line.  Three  data  points  are  needed  to  establish  that 
the  trend  is  linear  but,  even  if  no  linear  trend  is  evident,  a lower 
limit  of  D can  be  established  by  fitting  a straight  line  through  the 
data  from  the  two  locations  furthest  from  the  injection  site.  The 
values  of  D calculated  from  slopes  obtained  from  figure  8 are  given  in 
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Figure  7 Variation  of  /3  for  both  open  water  and  ice  covered  conditions 
(Beltaos,  1978b). 
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Figure  8 Increase  in  variance  with  distance  from  injection. 
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Figure  9 Variation  of  dimensionless  dispersion  coefficient 
(Beltaos,  1978b). 


table  8.  As  with  the  Linear  dispersion  parameter,  the  dispersion 
coefficient  measured  in  this  study  is  higher  than  most  values  reported 
in  the  literature  but  follows  the  trend  shown  in  figure  9.  Not  enough 
of  these  measurements  have  been  done  under  an  ice  cover  to  make  any 
conclusions  regarding  the  effects  of  an  ice  cover  on  the  dispersion 
coeff icient . 

Actual  values,  or  at  least  lower  limits,  of  Ll  can  also  be  obtained 

from  figure  8.  Beltaos  (1978b)  defined  Ll  as  the  x-intercept  of  a 

2 

straight  line  fitted  through  the  ot  vs  x data  in  the  Fickian  dispersion 
zone.  Once  Ll  is  evaluated,  the  actual  value  of  aL  can  be  obtained  from 
equation  [12].  Values  of  both  Ll  and  aL  for  the  Wapiti  and  Smoky  rivers 
are  given  in  table  8.  Only  the  test  reach  in  the  upper  part  of  the 
Smoky  River  was  long  enough  to  extend  into  the  Fickian  zone;  but,  even 
in  this  reach,  only  the  last  sample  site  was  greater  than  3Ll  away  from 
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the  injection  site.  Therefore,  the  Linear  dispersion  model  should  be 
used  to  estimate  concentrations  at  most  of  sample  sites. 

4.4  Dispersion  Model  Predictions 

4.4.1  Linear  Dispersion 

Time-concentration  distributions  were  generated  for  each  sample 
site  using  the  Linear  dispersion  model  defined  in  equation  [13].  These 
predicted  distributions  are  plotted  along  with  the  measured 
distributions  in  figure  10.  In  this  figure,  centerline  measurements 
were  used  as  an  approximation  to  cross-section  average  values.  As  can 
be  seen  in  the  plots  shown  in  Appendix  A,  the  centerline  distribution  is 
a good  approximation  of  the  cross-section  average  in  most  cases  because 
the  dye  is  fully  mixed  across  the  section.  However,  because  the 
velocity  near  the  banks  is  slower  than  at  the  centerline,  the 
cross-section  average  distribution  may  have  a slightly  lower  peak  and 
longer  duration  than  the  centerline  measurements.  Cross-section  average 
values  were  used  to  calculate  the  model  parameters  so  these  errors  will 
not  occur  in  the  predicted  concentrations. 

The  major  discrepancy  between  the  measurements  and  the  model 
predictions  is  in  the  magnitude  of  the  peak  concentrations.  The  model 
predicts  peak  concentrations  20%  to  100%  higher  than  the  measured 
values.  The  model  assumes  that  the  dye  is  completely  conserved  but  the 
mass  recovery  ratios  plotted  in  figure  11  show  that  as  much  as  50%  of 
the  dye  was  lost  over  the  length  of  the  test  reaches.  If  the  model  were 
modified  to  account  for  losses  in  mass,  the  predicted  time-concentration 
distributions  would  match  the  measurements  much  more  closely. 

Apparent  increases  in  dye  mass  such  as  between  Puskwaskau  River  and 
Codesa  in  the  upper  Smoky  test  reach  give  some  indication  of  the 
magnitude  of  error  in  the  evaluation  of  mass  recovery  ratio.  Errors  can 
be  introduced  by  inaccurate  discharge  measurements  or  poor  definition  of 
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Figure  10  Comparison  of  measured  time-concentration  distributions  with 
those  predicted  by  the  Linear  dispersion  model. 
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Figure  11  Variation  in  mass  recovery  ratio  with  distance  from  injection. 


the  tail  of  the  time-concentration  curve.  Both  these  factors  may  play  a 
role  in  the  large  drop  in  mass  recovery  ratio  that  occurs  between  Big 
Mountain  Creek  and  Bear  River  on  the  Wapiti  River.  The  large  stretch  of 
open  water  just  downstream  of  Big  Mountain  Creek  produced  by  the  Procter 
and  Gamble  outfall  may  also  produce  dye  losses  by  exposing  the  dye  to 
the  effects  of  sunlight  or  possibly  trapping  it  during  frazil 
production.  It  is  also  apparent  from  figure  11  that  a significant 
portion  of  the  dye  was  lost  before  the  sample  site  at  Bezanson  on  the 
upper  reach  of  the  Smoky  River.  During  the  injection  at  the  Buffalo 
farm  as  much  as  15%  of  the  dye  was  lost  due  to  spillage.  This  spillage 
accounts  for  much  of  the  losses  in  this  reach. 

The  peak  concentrations  predicted  by  the  model  may  also  be  higher 
than  the  measured  peaks  because  of  the  difference  in  shape  between  the 
predicted  and  measured  time-concentration  distributions  shown  in 
figure  10.  The  more  symmetrical  curves  predicted  by  the  model  have 
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shorter  durations,  therefore  the  peaks  would  be  higher  even  if  the  dye 
masses  were  the  same.  The  model  could  be  improved  by  making  it  predict 
the  shape  of  the  time-concentration  distributions  more  accurately. 

The  t imes-to-peak  of  the  predicted  distributions  are  slightly 
different  from  the  measured  values  as  well.  This  difference  is  caused 
by  the  model  using  reach-average  velocities  rather  than  measured 
sub-reach  velocities.  Some  difference  in  t imes-to-peak  could  also 
result  from  the  use  of  measured  centerline  concentrations  for  comparison 
rather  than  cross-section  averages. 

The  model  predictions  are  reasonable  considering  all  the 
assumptions  and  approximations  used  to  obtain  the  modeling  parameters. 
The  linear  dispersion  model  can  be  used  with  confidence  to  predict 
concentrations  downstream  of  accidental  releases  of  pollutants  as  long 
as  some  margin  for  error  is  incorporated  into  the  results.  However, 
this  model  should  only  be  used  until  the  point  where  Fickian  dispersion 
begins . 

4.4.2  Fickian  Dispersion 

Elhadi  et  al  (1984)  state  that  once  a pollutant  cloud  passes  a 
point  3Ll  away  from  the  spill  site,  equation  [17]  should  be  used  to 
predict  concentrations.  Equation  [17]  cannot  be  used  as  it  stands 
because  it's  derivation  assumed  complete  mixing  across  the  section 
immediately  upon  injection.  To  make  equation  [17]  suitable  for  modeling 
dispersion  for  a point  source,  it  must  be  assumed  that  the  pollutant  is 
injected  at  a virtual  origin  a distance  Ll  downstream  from  the  actual 
injection.  Thus  equation  [15]  becomes 
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Figure  12  Comparison  of  the  measured  time-concentration  distribution  at 
Watino  with  those  predicted  by  the  Linear  and  Fickian 
dispersion  models  (both  models  incorporated  the  mass  recovery 
ratio  to  account  for  dye  losses). 


Of  the  sample  sites  on  the  Wapiti  and  Smoky  Rivers,  only  the  site 
just  upstream  of  Watino  is  further  than  3Ll  from  the  injection  site,  so 
only  this  site  should  be  used  to  evaluate  the  Fickian  dispersion  model. 
Figure  12  shows  a comparison  of  the  measured  time-concentration 
distribution  at  this  site  with  those  predicted  by  both  the  Fickian  and 
the  Linear  models.  The  predicted  peak  concentrations  in  this  figure  are 
much  closer  to  the  measured  value  than  those  in  figure  8 because  the  dye 
losses  were  included  in  the  models  in  this  case.  There  is  only  a slight 
difference  between  the  results  of  the  two  models;  however,  both  the 
models  predict  much  more  symmetrical  shapes  than  that  actually  measured. 
As  the  distance  from  the  injection  site  becomes  greater,  the  results  of 
the  two  models  will  diverge.  The  Fickian  dispersion  model  should  then 
be  used  to  model  pollutant  concentrations. 
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4.4.3  Composite  Model 


A composite  model  incorporating  both  Linear  and  Fickian  dispersion 
is  needed  to  model  an  actual  pollutant  cloud  as  it  travels  downstream. 
On  the  Wapiti-Smoky  river  system,  the  most  likely  source  of  such  a cloud 
is  from  an  accidental  release  of  pollutant  from  the  Proctor  and  Gamble 
pulp  mill  on  the  Wapiti  River.  The  Wapiti  and  Smoky  Rivers  between  the 
mill  and  the  Peace  River  should  be  divided  into  four  reaches  to  model 
longitudinal  dispersion  properly.  The  first  two  reaches  are  linear 
dispersion  reaches  on  the  Wapiti  and  Smoky  Rivers  and  the  last  two 
reaches  are  Fickian  dispersion  reaches  on  the  Smoky  River. 

The  Proctor  and  Gamble  mill  effluent  outfall  is  located  0.5  km 
downstream  of  the  Big  Mountain  Creek  sample  site.  Assuming  that  the 
spill  would  occur  through  the  outfall,  the  linear  dispersion  model  given 
in  equation  [13]  can  be  used  with  x being  the  distance  from  the  outfall 
and  0 = 0.0146.  This  value  of  0 should  be  not  be  used  if  the  discharge 
used  during  modeling  is  considerably  different  from  the  test  discharge. 
Figure  7 should  be  used  to  estimate  a new  value  for  0.  Also,  the  linear 
dispersion  model  should  not  be  used  for  the  first  three  to  four 
kilometers.  A two-dimensional  model  should  be  used  if  estimates  of 
concentration  are  required  in  this  transverse  mixing  zone. 


There  is  some  difficulty  in  using  the  Linear  dispersion  model  once 
the  pollutant  enters  the  Smoky  River  because  the  model  assumes  constant 
hydraulic  and  dispersion  parameters  from  the  source  to  the  location  in 
question.  For  the  model  to  work  effectively,  the  distance  traveled  in 
Wapiti  River,  xw  must  be  transformed  into  an  equivalent  distance  in  the 
Smoky  River,  xg.  The  change  in  distance,  xe  required  to  produce  this 
transformation  can  be  found  by  equating  the  half-durations  defined  in 
equation  [15] 
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where  the  subscripts  * and  s refer  to  the  Wapiti  and  Smoky  rivers 
respectively.  This  distance  transformation  will  also  produce  a shift  in 
the  time,  t of 

e 


[21] 


Once  the  equivalent  distance  and  time  shifts  have  been  calculated, 
concentrations  can  be  estimated  using  the  following  modified  form  of 
equation  [13] 
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where  x is  the  distance  from  the  pollutant  source.  This  equation  can  be 
used  between  Bezanson  and  the  location  where  Fickian  dispersion  begins. 
More  detailed  measurements  of  transverse  mixing  are  required  before 
concentrations  between  the  Wapiti  River  and  Bezanson  can  be  modeled. 


Fickian  dispersion  will  begin  at  a distance  of  about  3Ll  from  the 

transformed  source.  The  linear  mixing  length  was  found  to  be  30.4  km 

for  the  upper  part  of  the  Smoky  River  (table  8)  so  Fickian  dispersion 

should  begin  91.2  km  downstream  from  the  transformed  source,  that  is, 

61.0  km  downstream  from  the  Wapiti/Smoky  confluence,  near  the 

2 

Puskwaskau  River.  A dispersion  coefficient  of  565  m /s  should  be  used 
with  equation  [19]  to  estimate  concentrations  between  Puskwaskau  River 
and  Watino.  Also,  the  time  shift  calculations  should  include  the  effect 
of  the  distance  transformation,  that  is 
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As  with  the  linear  dispersion  parameter,  the  dispersion  coefficient 
should  be  estimated  from  figure  9 if  the  flow  is  considerably  different 
from  the  flow  when  the  measurements  were  taken. 
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Both  the  hydraulic  characteristics  and  the  dispersion  coefficient 
change  near  Watino  so  a new  time  shift  is  needed  to  model  the  dispersion 
downstream  of  this  point.  This  new  time  shift  can  be  estimated  from 


[23] 


t = 

O 


X 

X 

D 

r uH  i 

3 

X 

1 

X 

1 

1 — 

e 

u 

d 

e lu 

. ud  j 

’ ^ 

u 

L u J 

. ud  . 

where  the  subscripts  u and  d refer  to  the  reaches  upstream  and 

downstream  of  the  location,  x,  where  the  change  occurs.  In  this  case 

the  change  occurs  near  Watino,  131  km  downstream  of  the  Wapiti/Smoky 

confluence.  Only  crude  estimates  of  concentration  can  be  made  in  this 

reach  because  only  the  minimum  value  of  the  dispersion  coefficient  is 

2 

known.  However,  if  this  minimum  value  of  1186  m /s  is  assumed  to  be  the 
actual  value  of  the  dispersion  coefficient,  estimates  of  concentrations 
in  the  reach  can  be  obtained  in  the  same  manner  as  for  the  reach 
upstream  of  Watino. 

The  following  example  is  given  to  illustrate  the  use  of  the 
composite  model.  Ten  kilograms  of  a toxic  substance  such  as  chlorine  is 
accidentally  released  through  the  Proctor  and  Gamble  effluent  outfall. 
Concentration  distributions  are  required  at:  the  mouth  of  the  Wapiti 
River,  at  Bezanson,  at  Watino,  and  at  the  mouth  of  the  Smoky  River  to 
determine  the  period  of  time  the  water  is  unsafe.  The  discharges  in  the 
river  system  at  the  time  of  the  spill  are  given  in  table  9. 

The  first  step  in  using  the  composite  model  is  to  determine  the 
average  velocities  in  the  reaches  upstream  of  the  sites  in  question. 
The  velocities  given  in  table  9 were  calculated  directly  from  the 
discharges  using  equations  [6]  and  [7],  The  velocity  used  for  modeling 
at  Watino  should  be  the  same  as  the  velocity  used  for  Bezanson  even 
though  the  discharge  is  greater,  because  the  extra  discharge  is 
introduced  by  the  Little  Smoky  River  just  upstream  of  Watino  and 
therefore  does  not  significantly  increase  the  average  velocity  for  the 
reach . 


. 
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Table  9 Hydraulic  characteristics  and  dispersion  parameters  for  sample 
calculations. 


Reach 

Discharge  Velocity  Equivalent 

T ime 

Linear 

Fickian 

Distance 

Shift 

Dispersion 

Dispersion 

Parameter 

Coefficient 

3 

2° 

(m  / s ) (m/s) 

(km) 

(hrs) 

(m  /s) 

Wapiti  mouth 

15.0  0.27 

29.7 

0.0146 

Bezanson 

60.0  0.33 

48.6 

5.8 

0.0222 

Wat ino 

65.0  0.33 

160.4 

31.4 

565 

Smoky  mouth 

65.0  0.34 

231.2 

109.2 

1186 

Next,  the  distance  and  time  shifts 

must 

be  calculated.  From 

equation  [20],  the  change  in 

length,  xe 

of 

the  Wapiti 

River  was 

calculated  to 

be  0.3  km.  The  equivalent  distances 

given  in  table  9 were 

obtained  by 

subtracting  this  distance  from 

the  actual  distance  between 

the  source 

and  the  sites  in 

question . 

Th  i s 

length  transformation 

produced  an 

associated  time  shift 

of  5.8  hrs 

The 

time  shift 

at  Watino 

was  simply 

calcaluted  from  L L / U 

+ t while 

e 

the  time  shift  at 

the  mouth 

of  the  Smoky  River  was  calculated  using  equation  [23]. 

Once  the  equivalent  distances  and  time  shifts  have  be  calculated, 
the  models  described  in  equations  [22]  and  [19]  can  be  used  to  estimate 
concentrations.  The  concentration  distributions  shown  in  figure  13  were 
calculated  using  the  parameters  listed  in  table  9.  It  should  be 
remembered,  however,  that  as  shown  in  figure  12,  the  model  results  only 
approximate  the  actual  concentrations  so  a margin  of  error  of  about  20% 
should  be  added  to  the  duration  when  defining  the  length  of  time  when 
the  water  is  unsafe. 
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Figure  13  Estimated  concentrations  at  four  sites  assuming  a spill  of 
10  Kg  of  pollutant  at  the  Proctor  and  Gamble  outfall. 
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4.0  SUMMARY 

Three  tracer  dye  tests  were  carried  out  on  the  Wapiti  and  Smoky 
Rivers  between  Grande  Prairie  and  Peace  River.  Discharges  during  the 
tests  ranged  from  13.1  m /s  on  the  Wapiti  River  up  to  57.5  m / s on  the 
Smoky  River.  Ice  thicknesses  varied  between  0.43  m and  0.73  m on  both 
rivers.  Numerous  open  leads  were  observed  and  frazil  accumulations 
approaching  2 m were  found. 

Mean  velocities  calculated  from  the  travel  times  of  the  peak 
concentration  ranged  between  0.18  m/s  and  0.40  m/s.  Composite  hydraulic 
roughnesses  varied  between  0.042  and  0.100.  The  extrapolation  of  these 
velocities  is  possible,  provided  some  confidence  can  be  placed  on  the 
adopted  values  of  hydraulic  roughness  for  the  extrapolated  conditions. 
Because  the  roughness  depends  significantly  on  the  ice  conditions,  which 
in  turn  can  vary  substantially  from  year  to  year  and  throughout  the 
winter  season,  it  is  recommended  that  care  be  taken  to  verify  the 
characteristics  of  the  ice  cover  prior  to  extensive  extrapolations. 

Two  types  of  longitudinal  dispersion  occurred  during  the  dye  tests. 
First,  after  transverse  mixing  was  completed  3.4  km  to  20  km  downstream 
of  the  injection,  'linear'  dispersion  occurred,  where  the  length  of  the 
dye  cloud  grew  linearly  with  distance.  After  a transition  period,  the 
second  type  of  longitudinal  dispersion,  Fickian  dispersion,  began  where 
the  length  grew  with  the  square  root  of  distance. 

Linear  dispersion  parameters  were  found  to  vary  from  0.0146  on  the 
Wapiti  River  to  up  to  0.0500  on  the  Smoky  River.  These  values  are 
higher  than  the  values  measured  by  most  other  investigators  but  this  is 
due  to  the  high  values  of  hydraulic  roughness  found  in  these  river 
reaches.  The  data  suggests  that  an  ice  cover  also  tends  to  increase  the 
magnitude  of  the  linear  dispersion  parameter. 

Only  the  dye  test  on  the  upper  part  of  the  Smoky  river  extended 
into  the  Fickian  dispersion  zone.  Fickian  dispersion  was  found  to  begin 
about  92  km  downstream  of  the  injection  site  for  this  test.  The 
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dispersion  coefficient  for  this  reach  was  found  to  be  565  m Is.  This 
coefficient  is  also  higher  than  most  other  values  reported  in  the 
literature  but  this  is  again  due  to  the  hydraulic  characteristics  of  the 
river  reach. 

Once  the  loss  of  dye  was  taken  into  account,  the  major  discrepancy 
between  the  results  of  the  longitudinal  dispersion  models  and  the 
measurements  was  the  shape  of  the  concentration  distributions.  The 
models  predicted  much  more  symmetrical  distributions  than  were  actually 
observed . 

A composite  model  incorporating  both  linear  and  Fickian  dispersion 
was  developed  to  model  a pollutant  cloud  as  it  traveled  though  the  whole 
reach.  The  model  required  artificial  time  shifts  to  account  for  changes 
in  hydraulic  and  dispersion  characteristics  from  reach  to  reach.  This 
composite  model  was  used  to  predict  concentration  distributions 

resulting  from  a pollutant  accidentally  released  from  the  Proctor  and 
Gamble  pulp  mill  on  the  Wapiti  River  near  Grande  Prairie. 

The  analysis  of  the  data  presented  herein  provided  some  information 
on  both  the  hydraulic  and  mixing  characteristics  on  the  Wapiti  and  Smoky 
Rivers;  but,  further  information  is  required  to  gain  a more  complete 
understanding  of  these  characteristics.  To  gather  this  information,  it 
is  recommended  that: 

(1)  three  low  flow  open  water  travel  time  tests  be  undertaken  to 
better  quantify  the  low  flow  open  water  roughness  and  to 
verify  the  computed  composite  roughnesses  for  ice  conditions; 

(2)  establish  a study  reach  in  a section  of  river  where  frazil  is 
the  dominant  form  of  an  ice  cover  to  investigate  its  distribu- 
tion and  its  effect  on  the  hydraulic  characteristics;  and 

(3)  transverse  mixing  under  an  ice  cover  be  studied  at  the 
Wapiti/Smoky  confluence  or,  more  importantly  because  the  Town 
of  Peace  River  is  just  downstream,  at  the  Smoky/Peace 
conf  1 uerice . 
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APPENDIX  A 


Time-Concentration  Curves 
and 

Channel  Cross-sections  Plots 


Depth  (in)  Concentration  (pg/L) 


Wapiti  River  at  Big  Mountain  Creek 


Wapiti  River  Downstream  of  Bear  River 


I 


Depth  (m)  Concentration  (pg/L) 


Wapiti  River  at  Wapiti-Smokey  Confluence 


Concentration  (/ig/L) 


Smokey  River  at  Bezanson  Bridge 
(injection  at  Nitehawk  Ski  Hill) 


Concentration  (//g/L) 


Smokey  River  at  Bezanson  Bridge 
(injection  d/s  of  Simonette  River) 


Depth  (m)  Concentration  (pg/L) 


Smokey  River  at  Puskwaskau  River 


Depth  (in)  Concentration  (^g/L) 


Smokey  River  South  of  Codesa 


Depth  (...)  Concentration  (pg/L) 


Smokey  River  Upstream  of  VVatino 


Concentration  (/xg/L) 


Smokey  River  at  Tangent  Gravel  Pit 


Depth  (m)  Concentration  (pg/L) 


Smokey  River  at  Ice  Bridge 


' 


Depth  (m)  Concentration  (pg/L) 


Smokey  River  at  Smokey-Peace  Confluence 


APPENDIX  B 


Dye  Concentration  Data 


SAMPLE  SITE:  WAPITI  RIVER  AT  BIG  MOUNTAIN  CREEK.  233.3  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 
Location  of  sample:  Left  Bank 


Leading  edge  = 

1 1 . 81Hrs 

Discharge  = 

13 

T ime  to  Peak  = 

14 . 25Hr s 

Dye  Injected  = 

0 

Background  Conc.= 

0 . 022ppb 

Dye  Recovered  = 

0 

Peak  Cone.  = 

2 . 305ppb 

Recovery  Ratio= 

0 

POSITION  TIME  (Hrs) 


Leading  Edge 

0.00 

Ha  1 f -Durat ion  = 

5 . OOHrs 

Cp/2 

0.98 

Variance  = 

5.31 

Peak 

2.44 

Skewness 

1.02 

Centroid 

5.38 

Kurtosis  = 

0.39 

Mean 

3.76 

Alpha 

4.71 

Cp/2 

Est.  End  Pt. 

5.97 

16.92 

Beta 

0.02613 

TIME  FROM  TIME  FROM 
INJECTION  LEADING  EDGE 

CONCENTRATION 

(Hrs) 

(Hrs) 

(ppb) 

11.81 

0.00 

0.000 

12.00 

0.19 

0.164 

12.25 

0.44 

0.378 

12.42 

0.61 

0.653 

12.75 

0.94 

1.095 

13.00 

1.19 

1.510 

13.25 

1.44 

1.821 

13.50 

1.69 

2.004 

13.75 

1.94 

2.150 

14.00 

2.19 

2.229 

14.25 

2.44 

2.305 

14.50 

2.69 

2.248 

14.75 

2.94 

2.249 

15.00 

3.19 

2.149 

15.25 

3.44 

2.038 

15.50 

3.69 

1.977 

15.75 

3.94 

1.855 

16.00 

4.19 

2.098 

16.50 

4.69 

1.588 

17.00 

5.19 

1.374 

17.50 

5.69 

1.222 

18.00 

6.19 

1.099 

18.50 

6.69 

0.982 

19.00 

7.19 

0.882 

19.50 

7.69 

0.782 

20.00 

8.19 

0.768 

20.50 

8.69 

0.693 

21.00 

9.19 

0.630 

21.50 

9.69 

0.604 

22.08 

10.27 

0.541 

28.73 

16.92 

0.000 

10CMS 
95  2K  g 
699Kg 
734 
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SAMPLE  SITE:  WAPITI  RIVER  AT  BIG  MOUNTAIN  CREEK , 233.3  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T i me : 1990-02-20  16:30 

Location  of  sample:  Center  Line 

Leading  edge  = 11 . 75Hr s 

Time  to  Peak  = 13 . 75Hrs 

Background  Conc.=  0.022ppb 

Peak  Cone.  = 2.585ppb 

POSITION  TIME  ( Hrs ) 


Discharge  = 13.10CMS 
Dye  Injected  = 0.952Kg 
Dye  Recovered  = 0 . 68 IK g 
Recovery  Ratio=  0.716 


Leading  Edge 

0.00 

Ha  lf-Durat 

Cp/2 

0.72 

Variance 

Peak 

2.00 

Skewness 

Centro l d 

4.33 

Kurtos i s 

Mean 

3.46 

Alpha 

Cp/2 

Est.  End  Pt. 

5.39 

13.17 

Beta 

TIME  FROM  TIME  FROM 
INJECTION  LEADING  EDGE 

CONCENTRATION 

(Hrs) 

(Hrs) 

(PPb) 

11.75 

0.00 

0.000 

12.00 

0.25 

0.412 

12.25 

0.50 

0.828 

12.42 

0.66 

1.190 

12.75 

1.00 

1.813 

13.00 

1.25 

2.046 

13.25 

1.50 

2.369 

13.50 

1.75 

2.538 

13.75 

2.00 

2.585 

14.00 

2.25 

2.580 

14.25 

2.50 

2.557 

14.50 

2.75 

2.488 

14.75 

3.00 

2.361 

15.00 

3.25 

2.277 

15.25 

3.50 

2.088 

15.50 

3.75 

1.976 

15.75 

4.00 

2.104 

16.00 

4.25 

2.045 

16.50 

4.75 

1.514 

17.00 

5.25 

1.330 

17.50 

5.75 

1.196 

18.00 

6.25 

1.056 

18.50 

6.75 

0.909 

19.00 

7.25 

0.810 

19.50 

7.75 

0.687 

20.00 

8.25 

0.676 

20.50 

8.75 

0.614 

21.00 

9.25 

0.543 

21.50 

9.75 

0.454 

22.08 

10.33 

0.394 

24.92 

13.17 

0.000 

4 . 67Hrs 
4.88 
1.12 
0.82 
4.47 
0.02579 


SAMPLE  SITE:  WAPITI  RIVER  AT  BIG  MOUNTAIN  CREEK,  233.3  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 
Location  of  sample:  Right  Bank 


Leading  edge 

= 11 . 80Hrs 

Discharge 

= 13.10CMS 

Time  to  Peak 

= 14 . 25Hrs 

Dye  Injected 

= 0 . 952Kg 

Background  Cone. 

= 0 . 022ppb 

Dye  Recovered  = 0.683Kg 

Peak  Cone. 

= 2.515ppb 

Recovery  Ratio=  0.718 

POSITION  TIME 

( Hr  s ) 

Leading  Edge 

0.00 

Ha lf-Durat  ion  = 

4 . 98Hrs 

Cp/2 

0.81 

Variance  = 

4.85 

Peak 

2.45 

Skewness 

1.05 

Centroid 

4.44 

Kurtosis  = 

0.64 

Mean 

3.55 

Alpha 

5.11 

Cp/2 

5.79 

Beta  = 

0.02390 

Est.  End  Pt. 

13.20 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hr  s ) 

( Hr  s ) 

(ppb) 

11.80 

0.00 

0.000 

12.00 

0.20 

0.295 

12.25 

0.45 

0.669 

12.42 

0.61 

0.911 

12.75 

0.95 

1.491 

13.00 

1.20 

1.825 

13.25 

1.45 

2.108 

13.50 

1.70 

2.333 

13.75 

1.95 

2.417 

14.00 

2.20 

2.467 

14.25 

2.45 

2.515 

14.50 

2.70 

2.453 

14.75 

2.95 

2.383 

15.00 

3.20 

2.341 

15.25 

3.45 

2.163 

15.50 

3.70 

2.074 

15.75 

3.95 

2.239 

16.00 

4.20 

2.171 

16.50 

4.70 

1.665 

17.00 

5.20 

1.450 

17.50 

5.70 

1.282 

18.00 

6.20 

1.158 

18.50 

6.70 

1.003 

19.00 

7.20 

0.879 

19.50 

7.70 

0.762 

20.00 

8.20 

0.695 

20.50 

8.70 

0.634 

21.00 

9.20 

0.542 

21.50 

9.70 

0.459 

22.08 

10.28 

0.396 

25.00 

13.20 

0.000 

SAMPLE  SITE:  WAPITI  RIVER  AT  BIG  MOUNTAIN  CREEK.  233.3  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 

Injection  T i me : 1990-02-20  16:30 


Location  of  sample:  Section  Average 


Leading  edge 

= 11 . 75Hrs 

Discharge 

= 13.10CMS 

Time  to  Peak 

= 14 . 25Hr s 

Dye  Injected 

= 0 . 952Kg 

Background  Cone. 

= 0 . 022ppb 

Dye  Recovered  = 0.688Kg 

Peak  Cone. 
POSITION  TIME 

= 2.459ppb 

( Hr  s ) 

Recovery  Ratio=  0.723 

Leading  Edge 

0.00 

Half-Durat ion= 

4 . 91Hrs 

Cp/2 

0.85 

Variance  = 

5.24 

Peak 

2.50 

Skewness 

1.15 

Centroid 

4.76 

Kurtosis  = 

1.03 

Mean 

3.64 

Alpha  = 

4.60 

Cp/2 

Est.  End  Pt. 

5.76 

16.98 

Beta 

0.02580 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hr  s ) 

(Hrs) 

(ppb) 

11.75 

0.00 

0.000 

12.00 

0.25 

0.290 

12.25 

0.50 

0.625 

12.42 

0.66 

0.918 

12.75 

1.00 

1.466 

13.00 

1.25 

1.794 

13.25 

1.50 

2.099 

13.50 

1.75 

2.292 

13.75 

2.00 

2.384 

14.00 

2.25 

2.425 

14.25 

2.50 

2.459 

14.50 

2.75 

2.396 

14.75 

3.00 

2.331 

15.00 

3.25 

2.256 

15.25 

3.50 

2.097 

15.50 

3.75 

2.009 

15.75 

4.00 

2.066 

16.00 

4.25 

2.105 

16.50 

4.75 

1.589 

17.00 

5.25 

1.385 

17.50 

5.75 

1.233 

18.00 

6.25 

1.104 

18.50 

6.75 

0.965 

19.00 

7.25 

0.857 

19.50 

7.75 

0.744 

20.00 

8.25 

0.713 

20.50 

8.75 

0.647 

21.00 

9.25 

0.572 

21.50 

9.75 

0.506 

22.08 

10.33 

0.444 

24.92 

13.17 

0.107 

28.73 

16.98 

0.000 

' 

SAMPLE  SITE:  WAPITI  RIVER  D/S  OF  BEAR  RIVER,  214.5  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 
Location  of  sample:  Left  Bank 


Leading  edge 

= 30 . 08Hrs 

Discharge 

= 13.10CMS 

Time  to  Peak 

= 36 . OOHr s 

Dye  Injected 

= 0 . 95  2K  g 

Background  Cone. 

= 0 . 133ppb 

Dye  Recovered  = 0 . 38 IK g 

Peak  Cone. 

= 0.717ppb 

Recovery  Ratio=  0.400 

POSITION  TIME 

(Mrs) 

Leading  Edge 

0.00 

Ha  lf-Durat ion  = 

11 . 1 1 Hr  s 

Cp/2 

2.65 

Variance  = 

17.68 

Peak 

5.92 

Skewness  = 

0.60 

Centroid 

9.40 

Kurtosis  = 

-0.28 

Mean 

7.82 

Alpha  = 

6.98 

Cp/2 

13.76 

Beta  = 

0.01364 

Est.  End  Pt. 

22.69 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hrs ) 

(Hrs) 

(ppb) 

30.08 

0.00 

0.000 

30.77 

0.68 

0.089 

31.25 

1.17 

0.152 

31.77 

1.68 

0.222 

32.28 

2.20 

0.295 

32.75 

2.67 

0.361 

33.25 

3.17 

0.505 

33.75 

3.67 

0.284 

34.30 

4.22 

0.509 

35.55 

5.47 

0.689 

36.00 

5.92 

0.717 

36.50 

6.42 

0.702 

37.00 

6.92 

0.673 

37.50 

7.42 

0.644 

38.83 

8,75 

0.645 

39.50 

9.42 

0.632 

40.50 

10.42 

0.540 

41.83 

11.75 

0.394 

42.50 

12.42 

0.394 

43.50 

13.42 

0.387 

44.83 

14.75 

0.277 

45.98 

15.90 

0.217 

46.97 

16.88 

0.273 

48.50 

18.42 

0.192 

52.77 

22.69 

0.000 

SAMPLE  SITE:  WAPITI  RIVER  D/S  OF  BEAR  RIVER,  214.5  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 
Location  of  sample:  Center  Line 


Leading  edge 

29 . 63Hrs 

Discharge 

13 

T ime  to  Peak 

34 . 33Hrs 

Dye  Injected  = 

0 

Background  Conc.= 

0 . 133ppb 

Dye  Recovered  = 

0 

Peak  Cone. 

0 . 774ppb 

Recovery  Rat io= 

0 

POSITION  TIME  ( Hrs  ) 


Leading  Edge 

0.00 

Half-Durat ion= 

10 . 22Hrs 

Cp/2 

2.30 

Variance 

18.64 

Peak 

4.70 

Skewness 

0.76 

Centroid 

9.43 

Kurtosis 

-0.05 

Mean 

7.52 

Alpha 

5.61 

Cp/2 

Est.  End  Pt. 

12.52 

24.01 

Beta 

0.01581 

TIME  FROM  TIME  FROM 
INJECTION  LEADING  EDGE 

CONCENTRATION 

(Hrs) 

(Hrs) 

(ppb) 

29.63 

0.00 

0.000 

30.20 

0.57 

0.101 

30.80 

1.17 

0.207 

31.28 

1.65 

0.277 

31.80 

2.17 

0.369 

32.32 

2.68 

0.442 

32.78 

3.15 

0.493 

33.28 

3.65 

0.683 

33.78 

4.15 

0.743 

34.33 

4.70 

0.774 

35.60 

5.97 

0.765 

36.05 

6.42 

0.743 

36.55 

6.92 

0.689 

37.05 

7.42 

0.683 

37.55 

7.92 

0.642 

38.88 

9.25 

0.654 

39.55 

9.92 

0.604 

40.55 

10.92 

0.526 

41.88 

12.25 

0.396 

42.55 

12.92 

0.373 

43.55 

13.92 

0.353 

44.87 

15.23 

0.251 

46.02 

16.38 

0.229 

47.00 

17.37 

0.214 

48.53 

18.90 

0.258 

53.64 

24.01 

0.000 

10CMS 
95  2K  g 
436Kg 
458 


SAMPLE  SITE:  WAPITI  RIVER  D/S  OF  BEAR  RIVER,  214.5  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 
Location  of  sample:  Right  Bank 


Leading  edge 

= 30 . 28Hrs 

Discharge 

= 13.10CMS 

Time  to  Peak 

= 38 . 93Hrs 

Dye  Injected 

= 0.95  2K  g 

Background  Cone. 

= 0 . 1 33 ppb 

Dye  Recovered  = 0 . 393K g 

Peak  Cone. 

= 0.702ppb 

Recovery  Rat 

i o=  0.412 

POSITION  TIME 

: ( Hr s ) 

Leading  Edge 

0.00 

Half-Durat ion= 

10 . 65Hrs 

Cp/2 

3.62 

Variance 

17.45 

Peak 

8.65 

Skewness 

0.51 

Centroid 

10.14 

Kurtosis  = 

-0.44 

Mean 

8.44 

Alpha  = 

6.50 

Cp/2 

14.27 

Beta  = 

0.01151 

Est.  End  Pt. 

23.06 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hrs ) 

(Hrs) 

(ppb) 

30.28 

0.00 

0.000 

31.32 

1.04 

0.086 

31.83 

1.55 

0.128 

32.35 

2.07 

0.207 

32.82 

2.54 

0.242 

33.32 

3.04 

0.299 

33.82 

3.54 

0.342 

34.37 

4.09 

0.398 

35.65 

5.37 

0.629 

36.10 

5.82 

0.661 

36.60 

6.32 

0.657 

37.10 

6.82 

0.655 

37.60 

7.32 

0.638 

38.93 

8.65 

0.702 

39.60 

9.32 

0.661 

40.60 

10.32 

0.607 

41.93 

11.65 

0.472 

42.60 

12.32 

0.453 

43.60 

13.32 

0.434 

44.90 

14.62 

0.320 

46.05 

15.77 

0.284 

47.03 

16.75 

0.251 

48.57 

18.29 

0.273 

53.34 

23.06 

0.000 

SAMPLE  SITE:  WAPITI  RIVER  D/S  OF  BEAR  RIVER,  214.5  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 


Location  of  sample:  Section  Average 


Leading  edge 

= 29 

.63Hrs  Discharge  = 13.10CMS 

Time  to  Peak 

= 36 

.05Hrs  Dye  Injected  = 0.952Kg 

Background  Conc.=  0. 

1 3 3ppb  Dye  Recovered  = 0.405Kg 

Peak  Cone. 

= 0. 

705ppb  Recovery  Ratio=  0.425 

POSITION  TIME  ( Hrs ) 

Leading  Edge 

0.00 

Ha lf-Durat ion=  11.36Hrs 

Cp/2 

3.02 

Variance  = 18.44 

Peak 

6.42 

Skewness  = 0.60 

Centroid 

10.06 

Kurtosis  = -0.30 

Mean 

8.23 

Alpha  = 7.00 

Cp/2 

14.38 

Beta  = 0.01419 

Est.  End  Pt. 

24.01 

TIME  FROM  TIME  FROM 

CONCENTRATION 

INJECTION  LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

29.63 

0.00 

0.000 

30.20 

0.57 

0.039 

30.80 

1.17 

0.114 

31.28 

1.65 

0.172 

31.80 

2.17 

0.240 

32.32 

2.68 

0.314 

32.78 

3.15 

0.368 

33.28 

3.65 

0.489 

33.78 

4.15 

0.460 

34.33 

4.70 

0.561 

35.60 

5.97 

0.692 

36.05 

6.42 

0.705 

36.55 

6.92 

0.682 

37.05 

7.42 

0.669 

37.55 

7.92 

0.642 

38.88 

9.25 

0.666 

39.55 

9.92 

0.632 

40.55 

10.92 

0.557 

41.88 

12.25 

0.423 

42.55 

12.92 

0.407 

43.55 

13.92 

0.390 

44.87 

15.23 

0.283 

46.02 

16.38 

0.244 

47.00 

17.37 

0.246 

48.53 

18.90 

0.240 

53.64 

24.01 

0.000 

' 

SAMPLE  SITE:  WAP  I ~ I - SMOKE Y CONFLUENCE.  203.1  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 

Injection  T ime : 1990-02-20  16:30 

Location  of  sample:  Left  Bank 


Leading  edge  = 43.67Hrs 
Time  to  Peak  = 53.50Hrs 
Background  Conc.=  0.109ppb 
Peak  Cone.  = 0.448ppb 


Discharge  = 13.10CMS 
Dye  Injected  = 0.952Kg 
Dye  Recovered  = 0.407Kg 
Recovery  Ratio=  0.428 


POSITION  TIME  (Hrs) 


Leading  Edge 

0.00 

Ha  lf-Durat ion  = 

11.42Hrs 

Cp/2 

4.48 

Variance  = 

84.28 

Peak 

9.83 

Skewness 

1.04 

Centro i d 

19.98 

Kurtosis  = 

0.60 

Mean 

15.92 

Alpha  = 

1.55 

Cp/2 

Est.  End  Pt. 

15.91 

62.92 

Beta  = 

0.02944 

TIME  FROM  TIME  FROM 
INJECTION  LEADING  EDGE 

CONCENTRATION 

(Hrs) 

(Hrs) 

(ppb) 

43.67 

0.00 

0.000 

46.50 

2.83 

0.094 

47.50 

3.83 

0.128 

48.50 

4.83 

0.275 

49.50 

5.83 

0.283 

50.50 

6.83 

0.297 

51.50 

7.83 

0.356 

52.50 

8.83 

0.380 

53.50 

9.83 

0.448 

54.50 

10.83 

0.429 

55.50 

11.83 

0.422 

56.50 

12.83 

0.438 

57.50 

13.83 

0.351 

58.50 

14.83 

0.342 

59.50 

15.83 

0.230 

60.50 

16.83 

0.155 

61.50 

17.83 

0.223 

62.50 

18.83 

0.163 

63.50 

19.83 

0.219 

64.50 

20.83 

0.208 

65.50 

21.83 

0.179 

66.50 

22.83 

0.159 

67.50 

23.83 

0.147 

68.50 

24.83 

0.130 

69.50 

25.83 

0.108 

70.50 

26.83 

0.128 

71.50 

27.83 

0.138 

73.50 

29.83 

0.128 

75.50 

31.83 

0.091 

77.50 

33.83 

0.105 

79.50 

35.83 

0.094 

81.50 

37.83 

0.086 

83.50 

39.83 

0.075 

85.50 

41.83 

0.075 

87.50 

43.83 

0.070 

106.59 

62.92 

0.000 

SAMPLE  SITE:  WAPITI-SMOKEY  CONFLUENCE,  203.1  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 

Location  of  sample:  Center  Line 

Leading  edge  = 41.63Hrs 

T ime  to  Peak  = 48 . 50Hrs 

Background  Conc.=  0.109ppb 

Peak  Cone.  = 0 . 521 ppb 

POSITION  TIME  ( Hrs ) 


Discharge  = 
Dye  Injected  = 
Dye  Recovered  = 
Recovery  Ratio= 


13 . 10CMS 
0 . 95  2K  g 
0 . 505Kg 
0,530 


Leading  Edge 

Cp/2 

Peak 

Centroid 

Mean 

Cp/2  : 

Est . End  Pt . : 


0.00 

2.91 

6.87 

18.79 

14.53 

17.87 

71.94 


Ha  1 f -Durations 
Variance  = 

Skewness  = 

Kurtosis 
Alpha  = 

Beta 


14 . 96Hrs 
87.40 
1.13 
1.00 
2.56 
0.03716 


TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

41.63 

0.00 

0.000 

43.50 

1.87 

0.168 

44.50 

2.87 

0.258 

45.50 

3.87 

0.334 

46.50 

4.87 

0.460 

47.50 

5.87 

0.454 

48.50 

6.87 

0.521 

49.50 

7.87 

0.499 

50.50 

8.87 

0.519 

51.50 

9.87 

0.517 

52.50 

10.87 

0.479 

53.50 

11.87 

0.468 

54.50 

12.87 

0.440 

55.50 

13.87 

0.428 

56.50 

14.87 

0.327 

57.50 

15.87- 

0.329 

58.50 

16.87 

0.270 

59.50 

17.87 

0.260 

60.50 

18.87 

0.170 

61.50 

19.87 

0.217 

62.50 

20.87 

0.149 

63.50 

21.87 

0.171 

64.50 

22.87 

0.165 

65.50 

23.87 

0.165 

66.50 

24.87 

0.168 

67.50 

25.87 

0.157 

68.50 

26.87 

0.147 

69.50 

27.87 

0.139 

70.50 

28.87 

0.130 

71.50 

29.87 

0.109 

73.50 

31.87 

0.100 

75.50 

33.87 

0.086 

77.50 

35.87 

0.074 

79.50 

37.87 

0.066 

81.50 

39.87 

0.064 

83.50 

41.87 

0.064 

85.50 

43.87 

0.067 

87.50 

45.87 

0.065 

113.56 


0.000 


71.94 


SAMPLE  SHE:  WAP  I T I - SMOKE  Y CONFLUENCE,  203.1  KM 
INJECTION  SITE : NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 
Location  of  sample:  Right  Bank 


Leading  edge 

= 42 

. 1 1 Hr  s 

D i scharge 

= 13.10CMS 

Time  to  Peak 

= 50 

. 50Hrs 

Dye  Injected 

= 0 . 95  2K  g 

Background  Cone. 

= 0, 

109ppb 

Dye  Recovered  = 0 . 536K g 

Peak  Cone. 

= 0, 

553ppb 

Recovery  Ratio=  0.563 

POSITION  TIME 

( Hrs ) 

Leading  Edge 

0.00 

Half-Durat ion= 

15 . 13Hrs 

Cp/2 

3.64 

Variance 

78.85 

Peak 

8.39 

Skewness 

1.16 

Centroid 

18.65 

Kurtosis  = 

1.32 

Mean 

14.58 

Alpha 

2.90 

Cp/2 

18.77 

Beta  = 

0.03092 

Est.  End  Pt. 

70.78 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(PPb) 

42.11 

0.00 

0.000 

43.50 

1.39 

0.107 

44.50 

2.39 

0.184 

45.50 

3.39 

0.256 

46.50 

4.39 

0.341 

47.50 

5.39 

0.441 

48.50 

6.39 

0.493 

49.50 

7.39 

0.523 

50.50 

8.39 

0.553 

51.50 

9.39 

0.540 

52.50 

10.39 

0.546 

53.50 

11.39 

0.523 

54.50 

12.39 

0.527 

55.50 

13.39 

0.481 

56.50 

14.39 

0.457 

57.50 

15.39 

0.447 

58.50 

16.39 

0.359 

59.50 

17.39 

0.356 

60.50 

18.39 

0.294 

61.50 

19.39 

0.249 

62.50 

20.39 

0.239 

63.50 

21.39 

0.219 

64.50 

22.39 

0.211 

65.50 

23.39 

0.163 

66.50 

24.39 

0.151 

67.50 

25.39 

0.157 

68.50 

26.39 

0.147 

69.50 

27.39 

0.082 

70.50 

28.39 

0.122 

71.50 

29.39 

0.113 

73.50 

31.39 

0.105 

75.50 

33.39 

0.081 

77.50 

35.39 

0.084 

79.50 

37.39 

0.075 

81.50 

39.39 

0.067 

83.50 

41.39 

0.070 

85.50 

43.39 

0.065 

87.50 

45.39 

0.067 

112.89  70.78  0.000 


SAMPLE  SITE:  WAP  I T I - SMOKE Y CONFLUENCE,  203.1  KM 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 
Location  of  sample:  Section  Average 


Leading  edge 

= 41 

.63Hrs  Discharge  = 13.10CMS 

Time  to  Peak 

= 53 

.50Hrs  Dye  Injected  = 0.952Kg 

Background  Conc.=  0. 

109ppb  Dye  Recovered  = 0.487Kg 

Peak  Cone. 

= 0.479ppb  Recovery  Ratio=  0.512 

POSITION  TIME  (Hrs) 

Leading  Edge 

0.00 

Ha lf-Durat ion=  14.28Hrs 

Cp/2 

4.15 

Variance  = 85.56 

Peak 

11.87 

Skewness  = 1.08 

Centroid 

20.16 

Kurtosis  = 0.93 

Mean 

15.62 

Alpha  ='  2.38 

Cp/2 

18.43 

Beta  = 0.02989 

Est.  End  Pt. 

71.94 

TIME  FROM  TIME  FROM 

CONCENTRATION 

INJECTION  LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

41.63 

0.00 

0.000 

43.50 

1.87 

0.092 

44.50 

2.87 

0.157 

45.50 

3.87 

0.217 

46.50 

4.87 

0.299 

47.50 

5.87 

0.341 

48.50 

6.87 

0.429 

49.50 

7.87 

0.435 

50.50 

8.87 

0.457 

51.50 

9.87 

0.471 

52.50 

10.87 

0.468 

53.50 

11.87 

0.479 

54.50 

12.87 

0.465 

55.50 

13.87 

0.444 

56.50 

14.87 

0.407 

57.50 

15.87 

0.376 

58.50 

16.87 

0.324 

59.50 

17.87 

0.282 

60.50 

18.87 

0.206 

61.50 

19.87 

0.230 

62.50 

20.87 

0.184 

63.50 

21.87 

0.203 

64.50 

22.87 

0.195 

65.50 

23.87 

0.169 

66.50 

24.87 

0.160 

67.50 

25.87 

0,154 

68.50 

26.87 

0.141 

69.50 

27.87 

0.109 

70.50 

28.87 

0.127 

71.50 

29.87 

0.120 

73.50 

31.87 

0.111 

75.50 

33.87 

0.086 

77.50 

35.87 

0.088 

79.50 

37.87 

0.078 

81.50 

39.87 

0.072 

83.50 

41.87 

0.070 

85.50 

43.87 

0.069 

87.50 

45.87 

0,067 

113.56 


'1.94 


0.000 


■ 


SAMP  _ E 5 ITE:  5 MiQ  K E v RI<ER  A?  BEZAN'-S-GN  BRIDGE.  183.9  <M.  Ci_ 
INJECTION  SITE:  NITEHAWK  SKI  HILL 


Injection  T ime : 1990-02-20  16:30 

Location  of  sample:  rightbank  (same  as  centerline) 


Leading  edge 

= 60 

. 93Hrs  Discharge  = 42.80CMS 

T ime  to  Peak 

= 74 

.OOHrs  Dye  Injected  = 0 . 95 2Kg 

Background  Conc.=  0. 

059ppb  Dye  Recovered  = 0.477Kg 

Peak  Cone. 

= 0. 

1 3 5 ppb  Recovery  Ratio=  0.501 

POSITION  TIME  ( Hrs ) 

Leading  Edge 

0.00 

Ha lf-Durat ion=  20.98Hrs 

Cp/2 

4.07 

Variance  = 65.86 

Peak 

13.07 

Skewness  = 0.36 

Centroid 

18.06 

Kurtosis  = -0.67 

Mean 

16.46 

Alpha  = 6.69 

Cp/2 

25.05 

Beta  = 0.01203 

Est.  End  Pt. 

53.25 

TIME  FROM  TIME  FROM 

CONCENTRATION 

INJECTION  LEADING  EDGE 

(Hrs) 

(Hrs) 

(PPb) 

60.93 

0.00 

0.000 

63.00 

2.07 

0.033 

64.00 

3.07 

0.049 

65.00 

4.07 

0.067 

66.00 

5.07 

0.080 

67.00 

6.07 

0.117 

69.02 

8.08 

0.119 

70.00 

9.07 

0.127 

71.00 

10.07 

0.129 

72.00 

11.07 

0.129 

73.00 

12.07 

0.129 

74.00 

13.07 

0.135 

75.00 

14.07 

0.127 

75.97 

15.03 

0.127 

77.00 

16.07 

0.119 

77.95 

17.02 

0.110 

79.00 

18.07 

0.104 

80.00 

19.07 

0.099 

80.95 

20.02 

0.094 

82.07 

21.13 

0.089 

83.07 

22.13 

0.082 

84.00 

23.07 

0.074 

85.00 

24.07 

0.072 

86.00 

25.07 

0.067 

87.00 

26.07 

0.061 

88.00 

27.07 

0.058 

89.00 

28.07 

0.052 

90.00 

29.07 

0.048 

91.00 

30.07 

0.044 

92.00 

31.07 

0.040 

93.00 

32.07 

0.035 

94.00 

33.07 

0.033 

95.00 

34.07 

0.032 

96.00 

35.07 

0.029 

114.19 

53.25 

0.000 

SAMPLE  SITE:  SMOKEY  RIVER  AT  BEZANSON  BRIDGE , 183.9  KM,  CL 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T i me : 1990-02-11  15:20 

Location  of  sample:  Center  Line 

Leading  edge  = 8.60Hrs 

Time  to  Peak  = 10.92Hrs 

Background  Conc.=  0.057ppb 

Peak  Cone.  = 3.950ppb 

POSITION  TIME  (Hrs ) 


Discharge  = 
Dye  Injected  = 
Dye  Recovered  = 
Recovery  Ratio= 


48.20CMS 
4 . 522Kg 
3 . 23  IK  g 
0.714 


Leading  Edge 

0.00 

Cp/2 

0.78 

Peak 

2.31 

Centroid 

4.00 

Mean 

3.56 

Cp/2 

4.48 

Est.  End  Pt. 

14.33 

TIME  FROM  TIME  FROM 

INJECTION  LEADING  EDGE 

(Hrs) 

(Hrs) 

8.60 

0.00 

9.13 

0.53 

9.42 

0.81 

9.67 

1.06 

9.92 

1.31 

10.17 

1.56 

10.43 

1.83 

10.67 

2.06 

10.92 

2.31 

11.17 

2.56 

11.42 

2.81 

11.68 

3.08 

11.93 

3.33 

12.17 

3.56 

12.42 

3.81 

12.67 

4.06 

12.92 

4.31 

13.17 

4.56 

13.42 

4.81 

13.67 

5.06 

13.92 

5.31 

14.17 

5.56 

14.42 

5.81 

14.67 

6.06 

14.92 

6.31 

15.17 

6.56 

15.42 

6.81 

15.67 

7.06 

16.17 

7.56 

16.67 

8.06 

17.17 

8.56 

17.67 

9.06 

18.17 

9.56 

18.67 

10.06 

19.17 

10.56 

19.67 

11.06 

20.50 

11.90 

22.93 

14.33 

Ha  lf-Durat ion  = 
Variance  = 

Skewness  = 

Kurtosis 
Alpha  = 

Beta 


CONCENTRATION 

(ppb) 

0.000 

1.340 

2.058 

2.700 

3.290 

3.642 

3.846 

3.937 

3.950 

3.704 

3.642 

3.417 

3.121 

2.841 

2.573 

2.447 

2.109 

1.904 

1.826 

1.679 

1.517 

1.413 

1.264 

1.194 

1.080 

1.026 

0.932 

0.838 

0.757 

0.684 

0.579 

0.531 

0.421 

0.383 

0.357 

0.315 

0.230 

0.000 


3 . 70Hrs 
4.75 
1.16 
1.33 
2.88 
0.03982 


SAMPLE  SITE:  SMOKEY  RIVER  AT  PUSKWASKAU,  146.2  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T ime : 1990-02-1 1 15:20 


Location  of  sample: 

Left  Bank 

Leading  edge  = 

33 . 87Hr s 

Discharge 

51 

T ime  to  Peak  = 

41 . 55Hrs 

Dye  Injected  = 

4 

Background  Conc.= 

0 . 063ppb 

Dye  Recovered  - 

3 

Peak  Cone. 

0 . 920ppb 

Recovery  Ratio= 

0 

POSITION  TIME  (Hrs) 


Leading  Edge 

0.00 

Ha  1 f -Durations 

18 . 18Hrs 

Cp/2 

3.34 

Variance  = 

41.05 

Peak 

7.68 

Skewness  = 

0.78 

Centro i d 

15.38 

Kurtosis  = 

0.28 

Mean 

11.90 

Alpha 

8.05 

Cp/2 

Est.  End  Pt. 

21.52 

42.36 

Beta 

0.02378 

TIME  FROM  TIME  FROM 
INJECTION  LEADING  EDGE 

CONCENTRATION 

(Hrs) 

(Hrs) 

(ppb) 

33.87 

0.00 

0.000 

34.67 

0.79 

0.099 

35.57 

1.69 

0.211 

36.57 

2.69 

0.353 

37.62 

3.74 

0.528 

38.60 

4.73 

0.654 

39.53 

5.66 

0.781 

40.82 

6.94 

0.910 

41.55 

7.68 

0.920 

42.63 

8.76 

0.920 

43.58 

9.71 

0.857 

44.65 

10.78 

0.844 

45.57 

11.69 

0.797 

46.57 

12.69 

0.784 

47.53 

13.66 

0.740 

48.57 

14.69 

0.696 

49.62 

15.74 

0.655 

50.57 

16.69 

0.556 

52.63 

18.76 

0.567 

54.58 

20.71 

0.482 

56.60 

22.73 

0.427 

58.60 

24.73 

0.373 

60.62 

26.74 

0.235 

64.75 

30.88 

0.236 

76.23 

42.36 

0.000 

10CMS 
5 22K  g 
279Kg 
725 


sample  SITE:  SMOKEY  RIVER  AT  PUSKWASKAU.  146.2  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 

Injection  T i me : 1990-02-11  15:20 


Location  of 

sample:  Center  Line 

Leading  edge 

= 33 

. 08Hrs  Discharge  = 51.10CMS 

Time  to  Peak 

= 40 

.87Hrs  Dye  Injected  = 4.522Kg 

Background  Cone.*  0. 

063ppb  Dye  Recovered  = 3 . 5 1 OK g 

Peak  Cone. 

= 1. 

193ppb  Recovery  Ratio*  0.776 

POSITION  TIME  ( Hr s ) 

Leading  Edge 

0.00 

Half-Duration*  1 5 . 1 OHr  s 

Cp/2 

3.03 

Variance  = 44.60 

Peak 

7.79 

Skewness  = 0.92 

Centro i d 

13.52 

Kurtosis  = 0.53 

Mean 

11.54 

Alpha  = 5.11 

Cp/2 

18.13 

Beta  = 0.02671 

Est.  End  Pt. 

36.91 

TIME  FROM  TIME  FROM 

CONCENTRATION 

INJECTION  LEADING  EDGE 

( Hrs ) 

(Hrs) 

(ppb) 

33.08 

0.00 

0.000 

33.67 

0.59 

0.109 

34.72 

1.64 

0.303 

35.62 

2.54 

0.490 

36.62 

3.54 

0.707 

37.67 

4.59 

0.870 

38.65 

5.57 

1.025 

39.58 

6.51 

1.069 

40.87 

7.79 

1.193 

41.60 

8.52 

1.132 

42.68 

9.61 

1.057 

43.63 

10.56 

0.968 

44.70 

11.62 

0.911 

45.67 

12.59 

0.841 

46.60 

13.52 

0.781 

47.57 

14.49 

0.721 

48.62 

15.54 

0.667 

49.67 

16.59 

0.576 

50.62 

17.54 

0.646 

52.67 

19.59 

0.475 

54.67 

21.59 

0.394 

56.67 

23.59 

0.336 

58.70 

25.62 

0.297 

60.67 

27.59 

0.308 

62.67 

29.59 

0.224 

64.78 

31.71 

0.175 

69.99 

36.91 

0.000 

SAMPLE  SITE:  SMOKED  RIVER  AT  PUSKWASKAU,  146.2  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T ime : 1990-02- 1 1 15:20 
Location  of  sample:  Right  Bank 


Leading  edge 

= 33 . OIHrs 

Discharge 

= 51. 

Time  to  Peak 

= 40 . 92Hr s 

Dye  Injected 

= 4. 

Background  Cone. 

= 0.063ppb 

Dye  Recovered  = 3. 

Peak  Cone. 

= 1 . 1 54  ppb 

Recovery  Ratio=  0. 

POSITION  TIME 

: (Hrs ) 

Leading  Edge 

0.00 

Ha  lf-Durat ion  = 

13 . 74Hrs 

Cp/2 

2.96 

Variance  = 

45.04 

Peak 

7.91 

Skewness 

0.96 

Centroid 

15.29 

Kurtosis  = 

0.63 

Mean 

11.48 

Alpha 

4.19 

Cp/2 

16.69 

Beta 

0.02690 

Est.  End  Pt 

.:  50.06 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

33.01 

0.00 

0.000 

33.72 

0.71 

0.130 

34.78 

1.78 

0.324 

35.68 

2.68 

0.516 

36.68 

3.68 

0.734 

37.72 

4.71 

0.894 

38.70 

5.69 

1.024 

39.63 

6.63 

1.075 

40.92 

7.91 

1.154 

41.65 

8.64 

1.141 

42.73 

9.73 

1.046 

43.68 

10.68 

0.907 

44.75 

11.74 

0.854 

45.72 

12.71 

0.790 

46.63 

13.63 

0.762 

47.60 

14.59 

0.690 

48.67 

15.66 

0.639 

49.72 

16.71 

0.576 

50.67 

17.66 

0.558 

52.70 

19.69 

0.453 

54.72 

21.71 

0.384 

56.72 

23.71 

0.328 

58.75 

25.74 

0.284 

60.72 

27.71 

0.252 

62.72 

29.71 

0.211 

64.82 

31.81 

0.207 

83.06 

50.06 

0.000 

10CMS 
522Kg 
6 7 8K  g 
813 


SAMPLE  SHE:  SMOKEY  RIVER  AT  PUSK'wASKAU,  146.2  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T t me : 1990-02-11  15:20 
Location  of  sample:  Section  Average 


Leading  edge 

= 33 . OlHrs 

Discharge 

= 51. 

Time  to  Peak 

= 40 . 87Hr s 

Dye  Injected 

= 4. 

Background  Conc.=  0.063ppb 

Dye  Recovered  = 3. 

Peak  Cone. 

= 1.085ppb 

Recovery  Ration  0. 

POSITION  TIME  ( Hrs ) 

Leading  Edge 

0.00 

Ha  If-Durat  ion  = 

15 . 31Hrs 

Cp/2 

3.33 

Variance 

48.87 

Peak 

7.86 

Skewness  = 

1.00 

Centroid 

15.23 

Kurtosis 

0.83 

Mean 

12.15 

Alpha 

4.80 

Cp/2 

18.65 

Beta 

0.02926 

Est.  End  Pt. 

50.06 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

33.01 

0.00 

0.000 

33.08 

0.07 

0.004 

33.67 

0.66 

0.076 

34.72 

1.71 

0.240 

35.62 

2.61 

0.403 

36.62 

3.61 

0.596 

37.67 

4.66 

0.764 

38.65 

5.64 

0.901 

39.58 

6.58 

0.976 

40.87 

7.86 

1.085 

41.60 

8.59 

1.065 

42.68 

9.68 

1.008 

43.63 

10.63 

0.913 

44.70 

11.69 

0.869 

45.67 

12.66 

0.810 

46.60 

13.59 

0.775 

47.57 

14.56 

0.717 

48.62 

15.61 

0.667 

49.67 

16.66 

0.601 

50.62 

17.61 

0.587 

52.67 

19.66 

0.498 

54.67 

21.66 

0.420 

56.67 

23.66 

0.364 

58.70 

25.69 

0.316 

60.67 

27.66 

0.265 

62.67 

29.66 

0.224 

64.78 

31.78 

0.206 

69.99 

36.98 

0.092 

83.06 

50.06 

0.000 

10CMS 
5 22K  g 
5 1 6K  g 
778 
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SAMPLE  SITE:  SMOKE Y RIVER  SOUTH  OF  CODESA,  115.9  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T l me : 1990-02-11  15:20 

Location  of  sample:  Left  Bank 

Leading  edge  = 5 5 . 00 H r s 

Time  to  Peak  = 70.67Hrs 

Background  Conc.=  0.056ppb 

Peak  Cone.  = 0.663ppb 

POSITION  TIME  ( Hrs ) 


Discharge  = 51.10CMS 
Dye  Injected  = 4.522Kg 
Dye  Recovered  = 3.900Kg 
Recovery  Ratio=  0.862 


Leading  Edge 

0.00 

Cp/2 

5.45 

Peak 

15.66 

Centroid 

30.63 

Mean 

20.61 

Cp/2 

31.77 

Est.  End  Pt. 

110.83 

TIME  FROM  TIME  FROM 

INJECTION  LEADING  EDGE 

(Hrs) 

(Hrs) 

55.00 

0.00 

56.67 

1.66 

57.67 

2.66 

58.67 

3.66 

59.67 

4.66 

60.67 

5.66 

61.67 

6.66 

62.67 

7.66 

63.67 

8.66 

64.67 

9.66 

65.67 

10.66 

66.67 

11.66 

67.67 

12.66 

68.67 

13.66 

69.67 

14.66 

70.67 

15.66 

71.67 

16.66 

72.67 

17.66 

73.67 

18.66 

74.67 

19.66 

75.67 

20.66 

76.67 

21.66 

77.67 

22.66 

78.67 

23.66 

79.67 

24.66 

80.67 

25.66 

82.67 

27.66 

84.67 

29.66 

86.67 

31.66 

88.67 

33.66 

90.67 

35.66 

92.67 

37.66 

94.67 

39.66 

96..67 

41.66 

98.67 

43.66 

100.67 

45.66 

102.67 

47.66 

104.67 

49.66 

Ha lf-Durat ion= 
Variance  = 

Skewness  = 

Kurtosis 
Alpha  = 

Beta 


CONCENTRATION 

(PPb) 

0.000 

0.045 

0.072 

0.127 

0.178 

0.374 

0.318 

0.385 

0.437 

0.547 

0.595 

0.607 

0.596 

0.643 

0.635 

0.663 

0.643 

0.609 

0.594 

0.556 

0.562 

0.541 

0.527 

0.499 

0.494 

0.426 

0.387 

0.345 

0.333 

0.298 

0.252 

0.235 

0.211 

0.178 

0.161 

0.161 

0.140 

0.134 


26 . 33Hrs 
137.60 
1.11 
0.92 
5.04 
0.02755 


106.67  51.66  0.117 

108.67  53.66  0.115 

110.67  55.66 

112.67  57.66 

165.83  110.83 


0.107 

0.107 

0.000 


SAMPLE  SHE:  SMOKE Y RIVER  SOUTH  OF  CODESA,  115.9  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T 1 me : 1990-02-11  15:20 
Location  of  sample:  Center  Line 


Leading  edge 

= 54 . 43Hrs 

Discharge  = 51. 

Time  to  Peak 

= 69 . 67Hr s 

Dye  Injected  = 4. 

Background  Conc.=  0.056ppb 

Dye  Recovered  = 3. 

Peak  Cone. 

= 0 . 672ppb 

Recovery  Ratio=  0. 

POSITION  TIME  ( Hrs ) 

Leading  Edge 

0.00 

Half-Durat ion=  23 . 54Hrs 

Cp/2 

5.96 

Variance  = 139.06 

Peak 

15.23 

Skewness  = 1.14 

Centroid 

26.95 

Kurtosis  = 1.06 

Mean 

20.14 

Alpha  = 3.98 

Cp/2 

29.50 

Beta  = 0.02865 

Est.  End  Pt. 

90.74 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

54.43 

0.00 

0.000 

55.67 

1.23 

0.050 

56.67 

2.23 

0.090 

57.67 

3.23 

0.142 

58.67 

4.23 

0.209 

59.67 

5.23 

0.285 

60.67 

6.23 

0.355 

61.67 

7.23 

0.414 

62.67 

8.23 

0.513 

63.67 

9.23 

0.574 

64.67 

10.23 

0.611 

65.67 

11.23 

0.628 

66.67 

12.23 

0.635 

67.67 

13.23 

0.607 

68.67 

14.23 

0.670 

69.67 

15.23 

0.672 

70.67 

16.23 

0.672 

71.67 

17.23 

0.630 

72.67 

18.23 

0.619 

73.67 

19.23 

0.592 

74.67 

20.23 

0.535 

75.67 

21.23 

0.544 

76.67 

22.23 

0.520 

77.67 

23.23 

0,496 

78.67 

24.23 

0,486 

79.67 

25.23 

0.420 

80.67 

26.23 

0.400 

82.67 

28.23 

0.374 

84.67 

30.23 

0.314 

86.67 

32.23 

0.320 

88.67 

34.23 

0.270 

90.67 

36.23 

0.243 

92.67 

38.23 

0.221 

94.67 

40.23 

0.202 

96.67 

42.23 

0.167 

98.67 

44.23 

0.161 

100.67 

46.23 

0.148 

102.67 

48.23 

0.125 

10CMS 

522Kg 

742Kg 
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1C4 .67 

50.23 

106.67 

52.23 

108.67 

54.23 

110.67 

56.23 

112.67 

58.23 

145.18 

90.74 

0.120 

0.117 

0.115 

0.101 

0.103 

0.000 


SAMPLE  SITE:  SMOKEY  RIVER  SOUTH  OF  CODESA,  115.9  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T i me : 1990-02-11  15:20 


Location  of  sample:  Right  Bank 


Leading  edge 
T ime  to  Peak 
Background  Conc.= 
Peak  Cone.  = 


53 . 69Hrs 
68 . 67Hrs 
0 . 056ppb 

0 . 660ppb 


POSITION  TIME  ( Hrs ) 


Discharge  = 51.10CMS 
Dye  Injected  = 4.522Kg 
Dye  Recovered  = 3.678Kg 
Recovery  Ratios  0.813 


Leading  Edge 

0.00 

Cp/2 

7.43 

Peak 

14.98 

Centroid 

27.78 

Mean 

20.70 

Cp/2 

30.15 

Est.  End  Pt. 

93.93 

TIME  FROM  TIME  FROM 
INJECTION  LEADING  EDGE 

(Hrs) 

(Hrs) 

53.69 

0.00 

54.67 

0.98 

55.67 

1.98 

56.67 

2.98 

57.67 

3.98 

58.67 

4.98 

59.67 

5.98 

60.67 

6.98 

61.67 

7.98 

62.67 

8.98 

63.67 

9.98 

64.67 

10.98 

65.67 

11.98 

66.67 

12.98 

67.67 

13.98 

68.67 

14.98 

69.67 

15.98 

70.67 

16.98 

71.67 

17.98 

72.67 

18.98 

73.67 

19.98 

74.67 

20.98 

75.67 

21.98 

76.67 

22.98 

77.67 

23.98 

78.67 

24.98 

79.67 

25.98 

80.67 

26.98 

82.67 

28.98 

84.67 

30.98 

86.67 

32.98 

88.67 

34.98 

90.67 

36.98 

92.67 

38.98 

94.67 

40.98 

96.67 

42.98 

98.67 

44.98 

100.67 

46.98 

Ha  lf-Durat ion  = 

Variance  = 

Skewness  = 

Kurtosis 

Alpha 

Beta 


CONCENTRATION 

(PPb) 

0.000 

0.030 

0.060 

0.098 

0.156 

0.221 

0.295 

0.247 

0.432 

0.539 

0.583 

0,628 

0.631 

0.640 

0.592 

0.660 

0.645 

0.660 

0.619 

0.581 

0.580 

0.539 

0.538 

0.493 

0.498 

0,418 

0.412 

0.385 

0.360 

0.309 

0.295 

0.271 

0.235 

0.218 

0.198 

0.160 

0.156 

0.142 


22 . 72Hrs 
139.50 
1.14 
.1.08 
3.70 
0.02959 


;-a 

102 

.67 

48 

.58 

0 

. 125 

104 

.67 

50, 

.98 

0, 

.114 

106, 

.67 

52, 

.98 

0, 

.111 

108, 

.67 

54, 

.98 

0, 

.109 

110, 

.67 

56, 

,98 

0. 

,100 

112, 

,67 

58. 

,98 

0. 

,098 

147, 

,62 

93, 

.93 

0. 

000 

SAMPLE  SITE:  SMOKEv  RIVER  SOUTH  OF  CODESA,  115.9  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 

Injection  T t me : 1990-02-11  15:20 


Location  of  sample:  Section  Average 


Leading  edge 

= 53 . 69Hr s 

Discharge  = 51. 

Time  to  Peak 

= 70 . 67Hr s 

Dye  Injected  = 4. 

Background  Conc.=  0.056ppb 

Dye  Recovered  = 3. 

Peak  Cone. 

= 0.665ppb 

Recovery  Ratio=  0. 

POSITION  TIME  ( Hr s ) 

Leading  Edge 

0.00 

Ha lf-Durat  ion=  23.49Hr$ 

Cp/2 

7.09 

Variance  = 144.17 

Peak 

16.98 

Skewness  = 1.26 

Centro  i d 

29.26 

Kurtosis  = 1.95 

Mean 

21.23 

Alpha  = 3.83 

Cp/2 

30.59 

Beta  = 0.02887 

Est.  End  Pt. 

112.14 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hrs ) 

(Hrs) 

(PPb) 

53.69 

0.00 

0.000 

54.43 

0.75 

0.008 

55.67 

1.98 

0.042 

56.67 

2.98 

0.078 

57.67 

3.98 

0.123 

58.67 

4.98 

0.186 

59.67 

5.98 

0.253 

60.67 

6.98 

0.325 

61.67 

7.98 

0.388 

62.67 

8.98 

0.479 

63.67 

9.98 

0.531 

64.67 

10.98 

0.596 

65.67 

11.98 

0.618 

66.67 

12.98 

0.627 

67.67 

13.98 

0.598 

68.67 

14.98 

0.658 

69.67 

15.98 

0.651 

70.67 

16.98 

0.665 

71.67 

17.98 

0.631 

72.67 

18.98 

0.603 

73.67 

19.98 

0.589 

74.67 

20.98 

0.543 

75.67 

21.98 

0.548 

76.67 

22.98 

0.518 

77.67 

23.98 

0.507 

78.67 

24.98 

0.468 

79.67 

25.98 

0.442 

80.67 

26.98 

0.404 

82.67 

28.98 

0.373 

84.67 

30.98 

0.323 

86.67 

32.98 

0.316 

88.67 

34.98 

0.279 

90.67 

36.98 

0.243 

92.67 

38.98 

0.225 

94.67 

40.98 

0.204 

96.67 

42.98 

0.168 

98.67 

44.98 

0.159 

100.67 

46.98 

0.150 

10CMS 
522Kg 
7 7 8K  g 
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102 

.67 

48 

.98 

0, 

.130 

104 , 

.67 

50, 

.98 

0. 

.123 

106, 

.67 

52, 

.98 

0. 

,115 

108, 

.67 

54, 

.98 

0. 

.113 

110, 

.67 

56, 

.98 

0. 

,103 

112, 

.67 

58, 

.98 

0. 

103 

145. 

, 18 

91. 

,49 

0. 

016 

165. 

,83 

112. 

,14 

0. 

000 

SAMPLE  SITE:  SMOKE V RIVER  U/S  OF  WATINO,  72.1  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T i me : 1990-02-11  15:20 

Location  of  sample:  Left  Bank 

Leading  edge  = 89.44Hrs 

T ime  to  Peak  = 109 . 70Hrs 

Background  Conc.=  0.058ppb 

Peak  Cone.  = 0.374ppb 

POSITION  TIME  (Hrs ) 


Discharge  = 51.10CMS 
Dye  Injected  = 4.522Kg 
Dye  Recovered  = 2.899Kg 
Recovery  Ratio=  0.641 


Leading  Edge 

0.00 

Ha  1 f -Durat ion  = 

37 . 41Hrs 

Cp/2 

8.84 

Variance 

274.12 

Peak 

20.26 

Skewness  = 

0.61 

Centroid 

36.28 

Kurtosis 

-0.25 

Mean 

31.23 

Alpha 

5.11 

Cp/2 

Est.  End  Pt. 

46.25 

106.54 

Beta 

0.02278 

TIME  FROM  TIME  FROM 
INJECTION  LEADING  EDGE 

CONCENTRATION 

(Hrs) 

(Hrs) 

(ppb) 

89.44 

0.00 

0.000 

91.57 

2.13 

0.039 

93.65 

4.21 

0.076 

95.58 

6.15 

0.120 

97.63 

8.20 

0.170 

99.62 

10.18 

0.223 

101.57 

12.13 

0.271 

103.57 

14.13 

0.311 

105.53 

16.10 

0.326 

107.53 

18.10 

0.344 

109.70 

20.26 

0.374 

111.53 

22.10 

0.347 

113.57 

24.13 

0.334 

115.55 

26.11 

0.328 

117.62 

28.18 

0.331 

119.55 

30.11 

0.297 

121.53 

32.10 

0.285 

123.53 

34.10 

0.270 

125.55 

36.11 

0.262 

127.60 

38.16 

0.234 

129.65 

40.21 

0.231 

131.60 

42.16 

0.216 

133.58 

44.15 

0.201 

135.60 

46.16 

0.188 

137.47 

48.03 

0.172 

139.53 

50.10 

0.146 

141.58 

52.15 

0.133 

143.38 

53.95 

0.143 

146.67 

57.23 

0.120 

149.50 

60.06 

0.104 

152.67 

63.23 

0.098 

155.67 

66.23 

0.090 

158.70 

69.26 

0.084 

161.60 

72.16 

0.082 

164.40 

74.96 

0.071 

195.98 

106.54 

0.000 

SAMPLE  SITE:  SMOKEY  RIVER  U/S  OF  WATINO,  72.1  KM 
INJECTION  SITE:  D/'S  OF  SIMONETTE  RIVER 


Injection  T ime: 1990-02-11  15:20 
Location  of  sample:  Center  Line 


Leading  edge  = 
Time  to  Peak  = 
Background  Conc.= 
Peak  Cone.  = 


89 . 38Hr s 
109 . 78Hr s 
0 . 058ppb 
0 . 3 5 7 ppb 


Discharge  = 51.10CMS 
Dye  Injected  = 4.522Kg 
Dye  Recovered  = 2.862Kg 
Recovery  Ratio=  0.633 


POSITION  TIME  (Hrs) 


Leading  Edge 

0.00 

Cp/2 

8.56 

Peak 

20.41 

Centro i d 

36.11 

Mean 

31.37 

Cp/2 

47.75 

Est.  End  Pt. 

104.34 

TIME  FROM  TIME  FROM 

INJECTION  LEADING  EDGE 

(Hrs) 

(Hrs) 

89.38 

0.00 

91.62 

2.24 

93.70 

4.32 

95.63 

6.26 

97.67 

8.29 

99.53 

10.16 

101.62 

12.24 

103.62 

14.24 

105.58 

16.21 

107.60 

18.22 

109.78 

20.41 

111.58 

22.21 

113.62 

24.24 

115.62 

26.24 

117.67 

28.29 

119.58 

30.21 

121.58 

32.21 

123.60 

34.22 

125.58 

36.21 

127.63 

38.26 

129.70 

40.32 

131.65 

42.27 

133.63 

44.26 

135.65 

46.27 

137.52 

48.14 

139.58 

50.21 

141.63 

52.26 

143.43 

54.06 

146.72 

57.34 

149.55 

60.17 

152.72 

63.34 

155.72 

66.34 

158.75 

69.37 

161.65 

72.27 

164.43 

75.06 

193.72 

104.34 

Half -Durat ion= 
Variance  = 
Skewness  = 
Kurtosis  = 
Alpha  = 
Beta 


CONCENTRATION 

(PPb) 

0.000 

0.041 

0.078 

0.118 

0.172 

0.219 

0.264 

0.308 

0.326 

0.344 

0.357 

0.348 

0.346 

0.322 

0.313 

0.297 

0.285 

0.270 

0.246 

0.234 

0.223 

0.216 

0.201 

0.186 

0.177 

0.148 

0.131 

0.137 

0.120 

0.104 

0.099 

0.092 

0.085 

0.080 

0.071 

0.000 


39 . 19Hrs 
275.83 
0.60 
-0.26 
5 57 
0 ° 02289 


SAMPLE  SHE:  SMOKEY  RIVER  U/S  OF  WATINO,  72.1  KM 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T ime : 1990-02-1 1 15:20 
Location  of  sample:  Right  Bank 


Leading  edge 

= 90 . 95Hr s 

D i scharge 

= 51. 

Time  to  Peak 

= 1 1 1 . 63Hr s 

Dye  Injected  = 4. 

Background  Conc.=  0.058ppb 

Dye  Recovered  = 2. 

Peak  Cone. 

= 0.330ppb 

Recovery  Ratio=  0. 

POSITION  TIME  ( Hr  $ ) 

Leading  Edge 

0.00 

Half-Durat ion= 

38 . 99Hrs 

Cp/2 

8.44 

Variance 

267.06 

Peak 

20.68 

Skewness  = 

0.59 

Centroid 

35.87 

Kurtosis 

-0.30 

Mean 

31.27 

Alpha 

5.69 

Cp/2 

47.43 

Beta 

0.02143 

Est.  End  Pt. 

100.59 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hrs ) 

(Hrs) 

(PPb) 

90.95 

0.00 

0.000 

93.75 

2.80 

0.044 

95.68 

4.73 

0.074 

97.70 

6.75 

0.120 

99.67 

8.71 

0.172 

101.67 

10.71 

0.205 

103.67 

12.71 

0.256 

105.63 

14.68 

0.289 

107.63 

16.68 

0.311 

109.83 

18.88 

0.323 

111.63 

20.68 

0.330 

113.67 

22.71 

0.323 

115.67 

24.71 

0.313 

117.72 

26.76 

0.311 

119.63 

28.68 

0.285 

121.63 

30.68 

0.270 

123.63 

32.68 

0.264 

125.63 

34.68 

0.249 

127.68 

36.73 

0.234 

129.75 

38.80 

0.223 

131.68 

40.73 

0.202 

133.68 

42.73 

0.197 

135.70 

44.75 

0.184 

137.57 

46.61 

0.178 

139.63 

48.68 

0.146 

141.68 

50.73 

0.130 

143.48 

52.53 

0.140 

146.75 

55.80 

0.120 

149.58 

58.63 

0.110 

152.75 

61.80 

0.101 

155.75 

64.80 

0.090 

158.80 

67.85 

0.086 

161.70 

70.75 

0.083 

164.47 

73.51 

0.070 

191.55 

100.59 

0.000 

10CMS 
522Kg 
65  7K  g 
588 


SAMPLE  SITE:  SMOKE Y RIVER  U/S  OF  WATINO,  72.1  <M 
INJECTION  SITE:  D/S  OF  SIMONETTE  RIVER 


Injection  T i me : 1990-02-11  15:20 
Location  of  sample:  Section  Average 


Leading  edge 

= 89 . 38Hr s 

Discharge  = 51. 

T ime  to  Peak 

= 109 . 78Hr s 

Dye  Injected  = 4. 

Background  Conc.=  0.058ppb 

Dye  Recovered  = 2. 

Peak  Cone. 

= 0 . 3 5 1 ppb 

Recovery  Ratio=  0. 

POSITION  TIME  (Hrs) 

Leading  Edge 

0.00 

Ha  lf-Durat ion=  39.03Hrs 

Cp/2 

9.11 

Variance  = 274.56 

Peak 

20.41 

Skewness  = 0.61 

Centroid 

36.70 

Kurtosis  = -0.21 

Mean 

31.82 

Alpha  = 5.55 

Cp/2 

48.14 

Beta  = 0.02278 

Est.  End  Pt. 

106.60 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(PPb) 

89.38 

0.00 

0.000 

91.62 

2.24 

0.030 

93.70 

4.32 

0.066 

95.63 

6.26 

0.104 

97.67 

8.29 

0.154 

99.53 

10.16 

0.203 

101.62 

12.24 

0.247 

103.62 

14.24 

0.292 

105.58 

16.21 

0.314 

107.60 

18.22 

0.333 

109.78 

20.41 

0.351 

111.58 

22.21 

0.342 

113.62 

24.24 

0.334 

115.62 

26.24 

0.321 

117.67 

28.29 

0.318 

119.58 

30.21 

0.293 

121.58 

32.21 

0.280 

123.60 

34.22 

0.268 

125.58 

36.21 

0.252 

127.63 

38.26 

0.234 

129.70 

40.32 

0.226 

131.65 

42.27 

0.211 

133.63 

44.26 

0.200 

135.65 

46.27 

0.186 

137.52 

48.14 

0.175 

139.58 

50.21 

0.147 

141.63 

52.26 

0.131 

143.43 

54.06 

0.140 

146.72 

57.34 

0.120 

149.55 

60.17 

0.106 

152.72 

63.34 

0.099 

155.72 

66.34 

0.090 

158.75 

69.37 

0.085 

161.65 

72.27 

0.081 

164.43 

75.06 

0.071 

193.72 

104.34 

0.002 

195.98 

106.60 

0.000 

10CMS 
522Kg 
8 1 lKg 
622 
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SAMPLE  SITE:  SMOKE Y RIVER  AT  TANGENT,  42.0  KM 
INJECTION  SITE:  WATINO 


Injection  T ime : 1990-02-06  12:46 
Location  of  sample:  Left  Bank 


Leading  edge 

= 20 . 71Hrs 

Discharge 

= 45.20CMS 

Time  to  Peak 

= 29 . 23Hrs 

Dye  Injected 

= 2 . 856K  g 

Background  Cone. 

= 0.061ppb 

Dye  Recovered  = 2.287Kg 

Peak  Cone. 

= 0.954ppb 

Recovery  Ratio=  0.801 

POSITION  TIME 

( Hr  s ) 

Leading  Edge 

0.00 

Ha lf-Durat ion= 

13 . 78Hrs 

Cp/2 

3.41 

Variance 

25.47 

Peak 

8.52 

Skewness  = 

0.69 

Centroid 

12.35 

Kurtosis  = 

-0.36 

Mean 

9.57 

Alpha  = 

7.45 

Cp/2 

17.18 

Beta 

0.02981 

Est.  End  Pt 

.:  31.81 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hrs ) 

(Hrs) 

(ppb) 

20.71 

0.00 

0.000 

21.23 

0.52 

0.038 

21.83 

1.12 

0.081 

22.23 

1.52 

0.127 

22.73 

2.02 

0.203 

23.23 

2.52 

0.276 

23.73 

3.02 

0.380 

24.23 

3.52 

0.506 

24.82 

4.10 

0.617 

25.23 

4.52 

0.694 

25.73 

5.02 

0.716 

26.23 

5.52 

0.792 

26.73 

6.02 

0.852 

27.23 

6.52 

0.901 

27.73 

7.02 

0.918 

28.23 

7.52 

0.895 

28.73 

8.02 

0.926 

29.23 

8.52 

0.954 

29.98 

9.27 

0.898 

30.82 

10.10 

0.849 

31.73 

11.02 

0.832 

32.73 

12.02 

0.748 

33.83 

13.12 

0.699 

34.73 

14.02 

0.654 

35.73 

15.02 

0.595 

36.73 

16.02 

0.542 

37.73 

17.02 

0.493 

38.73 

18.02 

0.396 

39.73 

19.02 

0.385 

40.73 

20.02 

0.351 

41.73 

21.02 

0.314 

42.73 

22.02 

0.292 

52.53 

31.81 

0.000 
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SAMPLE  SITE:  SMOKE  Y RIVER  AT  TANGENT,  42.0  KM 
INJECTION  SITE:  WATINO 


Injection  T ime : 1990-02-06  12:46 
Location  of  sample:  Center  Line 


Leading  edge 

= 20 . 61Hr s 

D l scharge 

= 45.20CMS 

Time  to  Peak 

= 27 . 73Hr s 

Dye  Injected 

= 2 . 856K  g 

Background  Conc.=  0.061ppb 

Dye  Recovered  = 2.337Kg 

Peak  Cone. 

= 0.956ppb 

Recovery  Ratio=  0.818 

POSITION  TIME  ( Hr s ) 

Leading  Edge 

0.00 

Half -Durations 

13 . 66Hrs 

Cp/2 

3.27 

Variance 

25.50 

Peak 

7.12 

Skewness  = 

0.73 

Centroid 

12.28 

Kurtosis 

-0.28 

Mean 

9.42 

Alpha 

7.32 

Cp/2 

16.93 

Beta  = 

0.03315 

Est.  End  Pt. 

32.57 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hrs ) 

(Hrs) 

(ppb) 

20.61 

0.00 

0.000 

21.23 

0.62 

0.054 

21.83 

1.22 

0.107 

22.23 

1.62 

0.169 

22.73 

2.12 

0.255 

23.23 

2.62 

0.347 

23.73 

3.12 

0.438 

24.23 

3.62 

0.575 

24.82 

4.21 

0.673 

25.23 

4.62 

0.719 

25.73 

5.12 

0.821 

26.23 

5.62 

0.834 

26.73 

6.12 

0.921 

27.23 

6.62 

0.926 

27.73 

7.12 

0.956 

28.23 

7.62 

0.943 

28.73 

8.12 

0.882 

29.23 

8.62 

0.945 

29.98 

9.37 

0.906 

30.82 

10.21 

0.857 

31.73 

11.12 

0.825 

32.73 

12.12 

0.748 

33.83 

13.22 

0.700 

34.73 

14.12 

0.634 

35.73 

15.12 

0.595 

36.73 

16.12 

0.525 

37.73 

17.12 

0.467 

38.73 

18.12 

0.390 

39.73 

19.12 

0.377 

40.73 

20.12 

0.338 

41.73 

21.12 

0.307 

42.73 

22.12 

0.284 

53.18 

32.57 

0.000 

SAMPLE  SITE:  SMOKEY  RIVER  AT  TANGENT,  42.0  KM 
INJECTION  SITE:  WATINO 


Injection  T ime : 1990-02-06  12:46 
Location  of  sample:  Right  Bank 


Leading  edge 

= 20 

.52Hrs  Discharge  = 45. 

Time  to  Peak 

= 28 

.73Hrs  Dye  Injected  = 2. 

Background  Conc.=  0. 

061ppb  Dye  Recovered  = 2. 

Peak  Cone. 

= 0. 

973ppb  Recovery  Ratio=  0. 

POSITION  TIME  ( Hrs ) 

Leading  Edge 

0.00 

Ha lf-Durat ion=  13.69Hrs 

Cp/2 

3.88 

Variance  = 25.52 

Peak 

8.21 

Skewness  = 0.66 

Centroid 

12.95 

Kurtosis  = -0.42 

Mean 

9.99 

Alpha  = 7.34 

Cp/2 

17.56 

Beta  = 0.03092 

Est.  End  Pt. 

32.87 

TIME  FROM  TIME  FROM 

CONCENTRATION 

INJECTION  LEADING  EDGE 

(Hrs) 

(Hrs) 

(PPb) 

20.52 

0.00 

0.000 

21.23 

0.71 

0.035 

21.83 

1.31 

0.064 

22.23 

1.71 

0.118 

22.73 

2.21 

0.132 

23.23 

2.71 

0.258 

23.73 

3.21 

0.358 

24.23 

3.71 

0.457 

24.82 

4.29 

0.558 

25.23 

4.71 

0.667 

25.73 

5.21 

0.762 

26.23 

5.71 

0.809 

26.73 

6.21 

0.811 

27.23 

6.71 

0.895 

27.73 

7.21 

0.917 

28.23 

7.71 

0.934 

28.73 

8.21 

0.973 

29.23 

8.71 

0.959 

29.98 

9.46 

0.948 

30.82 

10.29 

0.852 

31.73 

11.21 

0.892 

32.73 

12.21 

0.803 

33.83 

13.31 

0.770 

34.73 

14.21 

0.683 

35.73 

15.21 

0.620 

36.73 

16.21 

0.581 

37.73 

17.21 

0.517 

38.73 

18.21 

0.432 

39.73 

19.21 

0.410 

40.73 

20.21 

0.377 

41.73 

21.21 

0.347 

42.73 

22.21 

0.318 

53.39 

32.87 

0.000 

20CMS 

856Kg 

394Kg 

838 
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SAMPLE  SITE:  SMOKEY  RIVER  AT  TANGENT,  42.0  KM 
INJECTION  SITE:  WATINO 


Injection  T ime : 1990-02-06  12:46 
Location  of  sample:  Section  Average 


Leading  edge 

= 20 . 52Hr s 

Discharge 

= 45. 

T ime  to  Peak 

= 29 . 23Hrs 

Dye  Injected 

= 2. 

Background  Cone. 

= 0 . 061ppb 

Dye  Recovered  = 2. 

Peak  Cone. 

= 0.953ppb 

Recovery  Ratio=  0. 

POSITION 

time 

(Mrs) 

Leading  Edge 

0.00 

Half-Durat ion= 

13 . 83Hrs 

Cp/2 

3.56 

Variance  = 

25.60 

Peak 

8.71 

Skewness  = 

0.70 

Centroid 

12.65 

Kurtosis 

-0.32 

Mean 

9.76 

Alpha 

7.48 

Cp/2 

17.39 

Beta 

0.02996 

Est.  End  Pt. 

32.87 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hr  s ) 

(Hrs) 

(PPb) 

20.52 

0.00 

0.000 

20.61 

0.08 

0.001 

21.23 

0.71 

0.042 

21.83 

1.31 

0.084 

22.23 

1.71 

0.138 

22.73 

2.21 

0.197 

23.23 

2.71 

0.294 

23.73 

3.21 

0.392 

24.23 

3.71 

0.513 

24.82 

4.29 

0.616 

25.23 

4.71 

0.693 

25.73 

5.21 

0.766 

26.23 

5.71 

0.812 

26.73 

6.21 

0.862 

27.23 

6.71 

0.908 

27.73 

7.21 

0.930 

28.23 

7.71 

0.924 

28.73 

8.21 

0.927 

29.23 

8.71 

0.953 

29.98 

9.46 

0.917 

30.82 

10.29 

0.853 

31.73 

11.21 

0.850 

32.73 

12.21 

0.767 

33.83 

13.31 

0.723 

34.73 

14.21 

0.657 

35.73 

15.21 

0.604 

36.73 

16.21 

0.549 

37.73 

17.21 

0.492 

38.73 

18.21 

0.406 

39.73 

19.21 

0.390 

40.73 

20.21 

0.355 

41.73 

21.21 

0.323 

42.73 

22.21 

0.298 

53.18 

32.66 

0.002 

53.39 

32.87 

0.000 

20CMS 
856Kg 
34  5K  g 
821 
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SAMPLE  SITE:  SMOKE Y RIVER  AT  ICE  BRIDGE,  16.2  KM 
INJECTION  SITE:  WATINO 


Injection  T i me : 1990-02-06  12:46 
Location  of  sample:  Left  Bank 


Leading  edge 

36 . lOHr s 

Discharge 

45 

T ime  to  Peak 

49 . 13Hr s 

Dye  Injected  = 

2 

Background  Conc.= 

0 . 0 5 1 ppb 

Dye  Recovered  = 

2 

Peak  Cone.  = 

0 .481ppb 

Recovery  Ratio= 

0 

POSITION  TIME  ( Hr s ) 

26 . 42Hrs 
73.70 
0.47 
-0.71 
9.47 
0.03053 


TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(PPb) 

36.10 

0.00 

0,000 

37.15 

1.05 

0.039 

38.15 

2.05 

0.075 

39.15 

3.05 

0.116 

40.18 

4.08 

0.178 

41.17 

5.06 

0.233 

42.23 

6.13 

0.304 

43.23 

7.13 

0.360 

44.22 

8.11 

0.410 

45.22 

9,11 

0.434 

46.17 

10.06 

0.474 

47.17 

11.06 

0.479 

48.15 

12.05 

0,464 

49.13 

13.03 

0.481 

50.15 

14.05 

0.471 

51.10 

15.00 

0.480 

52.12 

16.01 

0,476 

53.65 

17.55 

0.438 

55.10 

19.00 

0.414 

56.70 

20.60 

0.399 

58.20 

22.10 

0.373 

59.65 

23.55 

0.358 

61.15 

25.05 

0.332 

62.85 

26.75 

0.304 

64.17 

28.06 

0.288 

65.67 

29.56 

0.268 

67.17 

31,06 

0.247 

68.72 

32.61 

0.229 

70.20 

34.10 

0.216 

71.93 

35.83 

0.190 

87.60 

51.49 

0.000 

Leading  Edge 

0.00 

Half-Duration= 

Cp/2 

5.18 

Variance  = 

Peak 

13.03 

Skewness  = 

Centroid 

20.71 

Kurtosis  = 

Mean 

16.76 

Alpha 

Cp/2 

31.60 

Beta  = 

Est.  End  Pt. 

51.49 

20CMS 
856K  g 
1 2 7K  g 
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SAMPLE  SITE:  SMOKE Y RIVER  AT  ICE  BRIDGE,  16.2  KM 
INJECTION  SITE:  WATINO 

Injection  T ime : 1990-02-06  12:46 


Location  of  sample:  Center  Line 


Leading  edge 

= 35 . 42Hr s 

Discharge  = 45. 

Time  to  Peak 

= 47 . 18Hr s 

Dye  Injected  = 2. 

Background  Cone. 

= 0 . 0 5 1 ppb 

Dye  Recovered  = 2. 

Peak  Cone. 

= 0 . 5 1 3 ppb 

Recovery  Rat i o=  0. 

POSITION  TIME 

: (Hrs) 

Leading  Edge 

0.00 

Ha  1 f-Durat ion=  24.80Hrs 

Cp/2 

4.99 

Variance  = 74.66 

Peak 

11.76 

Skewness  = 0.53 

Centro  i d 

20.84 

Kurtosis  = -0.60 

Mean 

16.61 

Alpha  = 8.24 

Cp/2 

29.78 

Beta  = 0.03353 

Est.  End  Pt. 

54.25 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

35.42 

0.00 

0.000 

36.20 

0.78 

0.029 

37.20 

1.78 

0.067 

38.32 

2.90 

0.125 

39.20 

3.78 

0.164 

40.22 

4.80 

0.241 

41.20 

5.78 

0.318 

42.27 

6.85 

0.393 

43.27 

7.85 

0.426 

44.28 

8.86 

0.458 

45.25 

9.83 

0.502 

46.20 

10.78 

0.499 

47.18 

11.76 

0.513 

48.18 

12.76 

0.505 

49.17 

13.75 

0.501 

50.20 

14.78 

0.490 

51.18 

15.76 

0,490 

52.15 

16.73 

0.490 

53.72 

18.30 

0.442 

55.15 

19.73 

0.420 

56.73 

21.31 

0.391 

58.23 

22.81 

0.369 

59.70 

24.28 

0.339 

61.20 

25.78 

0.321 

62.88 

27.46 

0.301 

64.20 

28.78 

0.276 

65.70 

30.28 

0.247 

67.20 

31.78 

0.233 

68.77 

33.35 

0.215 

70.23 

34.81 

0.202 

71.97 

36.55 

0.182 

89.67 

54.25 

0.000 

20CMS 
856Kg 
23  7K  g 
783 
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SAMPLE  SITE:  SMOKE  T RIVER  AT  ICE  BRIDGE.  16.2  KM 
INJECTION  SITE:  WATINO 


Injection  T ime : 1990-02-06  12:46 


Location  of  sample:  Right  Bank 

Leading  edge 

= 35 . 38Hrs 

Discharge 

= 45.20CMS 

Time  to  Peak 

= 47 . 20Hrs 

Dye  Injected 

= 2 . 856Kg 

Background  Cone. 

= 0.051ppb 

Dye  Recovered  = 2.206Kg 

Peak  Cone. 

= 0.481ppb 

Recovery  Ratio*  0.772 

POSITION  TIME 

i (Hrs) 

Leading  Edge 

0.00 

Half-Duration* 

26 . 05Hrs 

Cp/2 

5.27 

Variance  = 

69.17 

Peak 

11.83 

Skewness  = 

0.45 

Centro  i d 

21.74 

Kurtosis 

-0.70 

Mean 

16.69 

Alpha  = 

9.81 

Cp/2 

31.32 

Beta 

0.03105 

Est.  End  Pt. 


55.93 


TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

35.38 

0.00 

0.000 

36.23 

0.86 

0.027 

37.25 

1.88 

0.059 

38.23 

2.86 

0.100 

39.25 

3.88 

0.156 

40.25 

4.88 

0.212 

41.23 

5.86 

0.283 

42.30 

6.93 

0.333 

43.30 

7.93 

0.388 

44.35 

8.98 

0.433 

45.28 

9.91 

0.458 

46.23 

10.86 

0.480 

47.20 

11.83 

0.481 

48.23 

12.86 

0.481 

49.22 

13.84 

0.471 

50.23 

14.86 

0.476 

51.23 

15.86 

0.476 

52.18 

16.81 

0.476 

53.78 

18.41 

0.424 

55.20 

19.83 

0.410 

56.77 

21.39 

0.388 

58.27 

22.89 

0.369 

59.73 

24.36 

0.343 

61.23 

25.86 

0.325 

62.92 

27.54 

0.302 

64.23 

28.86 

0.288 

65.73 

30.36 

0.249 

67.23 

31.86 

0.236 

68.80 

33.43 

0.219 

70.27 

34.89 

0.206 

91.30 

55.93 

0.000 

I 
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SAMPLE  SITE:  SMOKEi  RIVER  AT  ICE  BRIDGE,  16.2  KM 
INJECTION  SITE:  WATINO 


Injection  T i me : 1990-02-06  12:46 
Location  of  sample:  Section  Average 


Leading  edge 

= 35 . 38Hr s 

D l scharge 

= 45. 

Time  to  Peak 

= 47 . 1 8H  r s 

Dye  Injected 

= 2. 

Background  Cone. 

= 0 . 05 1 ppb 

Dye  Recovered  = 2. 

Peak  Cone. 

= 0 . 491ppb 

Recovery  Ratio=  0. 

POSITION  TIME 

! (Hrs ) 

Leading  Edge 

0.00 

Half -Durat ion= 

25 . 83Hr s 

Cp/2 

5.35 

Variance  = 

75.49 

Peak 

11.81 

Skewness 

0.53 

Centroid 

21.48 

Kurtosis  = 

-0.52 

Mean 

17.08 

Alpha  = 

8.84 

Cp/2 

31.18 

Beta 

0.03391 

Est.  End  Pt. 

55.93 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

35.38 

0.00 

0.000 

35.42 

0.05 

0.000 

36.20 

0.82 

0.020 

37.20 

1.82 

0.055 

38.32 

2.94 

0.104 

39.20 

3.82 

0.145 

40.22 

4.84 

0.211 

41.20 

5.82 

0.278 

42.27 

6.89 

0.344 

43.27 

7.89 

0.391 

44.28 

8.91 

0.433 

45.25 

9.87 

0.465 

46.20 

10.82 

0.484 

47.18 

11.81 

0.491 

48.18 

12.81 

0.484 

49,17 

13.79 

0.485 

50.20 

14.82 

0.479 

51.18 

15.81 

0.482 

52.15 

16.77 

0.480 

53.72 

18.34 

0.435 

55.15 

19.77 

0.414 

56.73 

21.36 

0.392 

58.23 

22.86 

0.370 

59.70 

24.32 

0.347 

61.20 

25.82 

0.326 

62.88 

27.51 

0.302 

64.20 

28.82 

0.284 

65.70 

30.32 

0.254 

67.20 

31.82 

0.238 

68.77 

33.39 

0.221 

70.23 

34.86 

0.208 

71.97 

36.59 

0.187 

89.67 

54.29 

0.005 

91.30 

55.93 

0.000 

20CMS 
856Kg 
20  IK  g 
771 
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SAMPLE  SITE:  SMOKY-PEACE  CONFLUENCE,  1.3  KM 
INJECTION  SITE:  WATINO 


Injection  T i me : 1990-02-06  12:46 
Location  of  sample:  Left  Bank 


Leading  edge 

= 85 . 87Hr s 

Discharge 

= 45.20CMS 

T ime  to  Peak 

= 91.23Hrs 

Dye  Injected 

= 2 . 856Kg 

Background  Conc.=  0.047ppb 

Dye  Recovered  = 1.086Kg 

Peak  Cone. 

= 0.249ppb 

Recovery  Rat 

io=  0.380 

POSITION  TIME  ( Hrs ) 

Leading  Edge 

0.00 

Ha  lf-Durat ion  = 

21 . 65Hrs 

Cp/2 

2.80 

Variance  = 

66.16 

Peak 

5.37 

Skewness  = 

0.37 

Centroid 

21.12 

Kurtosis 

-0.89 

Mean 

14.74 

Alpha 

7.09 

Cp/2 

24.45 

Beta 

0.00795 

Est.  End  Pt. 

65.30 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(ppb) 

85.87 

0.00 

0.000 

87.23 

1.37 

0.061 

89.23 

3.37 

0.150 

91.23 

5.37 

0.249 

93.23 

7.37 

0.243 

95.23 

9.37 

0.238 

97.23 

11.37 

0.229 

99.23 

13.37 

0.205 

101.23 

15.37 

0.200 

103.23 

17.37 

0.185 

105.23 

19.37 

0.159 

107.23 

21.37 

0.142 

109.23 

23.37 

0.137 

111.23 

25.37 

0.114 

113.23 

27.37 

0.104 

115.23 

29.37 

0,099 

117.23 

31.37 

0.093 

151.16 

65.30 

0.000 

\ 
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1 

, 


SAMPLE  SITE:  SMOKY-PEACE  CONFLUENCE,  1.3  KM 
INJECTION  SITE:  WATINO 


Injection  T ime : 1990-02-06  12:46 
Location  of  sample:  Center  Line 


Leading  edge 

= 62 . 06Hrs 

Discharge  = 45. 

Time  to  Peak 

= 75  . 12Hr s 

Dye  Injected  = 2. 

Background  Cone. 

= 0.047ppb 

Dye  Recovered  = 2. 

Peak  Cone. 

= 0.405ppb 

Recovery  Ratio*  0. 

POSITION  TIME 

: ( Hr s ) 

Leading  Edge: 

0.00 

Ha If-Durat ion=  25.41Hrs 

Cp/2  : 

6.00 

Variance  = 148.29 

Peak  : 

13.06 

Skewness  = 0.65 

Centroid  : 

26.69 

Kurtosis  = -0.38 

Mean  : 

25.16 

Alpha  = 4.35 

Cp/2  : 

31.41 

Beta  = 0.02628 

Est.  End  Pt.: 

87.48 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

( Hrs ) 

(Hrs) 

(PPb) 

62.06 

0.00 

0.000 

68.07 

6.01 

0.202 

73.15 

11.09 

0.374 

75.12 

13.06 

0.405 

77.23 

15.17 

0.393 

79.23 

17.17 

0.371 

81.23 

19.17 

0.351 

83.23 

21.17 

0.328 

85.23 

23.17 

0.298 

87.23 

25.17 

0.274 

89.23 

27.17 

0.251 

91.23 

29.17 

0.235 

93.23 

31.17 

0.206 

95.23 

33.17 

0.175 

97.23 

35.17 

0.159 

99.23 

37.17 

0.140 

101.23 

39.17 

0.126 

103.23 

41.17 

0.115 

105.23 

43.17 

0.101 

107.23 

45.17 

0.095 

109.23 

47.17 

0.088 

111.23 

49.17 

0.089 

113.23 

51.17 

0.077 

115.23 

53.17 

0.077 

117.23 

55.17 

0.068 

149.54 

87.48 

0.000 

20CMS 
856Kg 
0 1 OK  g 
704 
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SAMPLE  SITE:  SMOKY-PEACE  CONFLUENCE.  1.3  KM 
INJECTION  SITE:  WATINO 


Injection  T ime : 1990-02-06  12:46 
Location  of  sample:  Right  Bank 


Leading  edge 
T ime  to  Peak 
Background  Cone. 
Peak  Cone. 


6 2 . 4 5 H r $ 
77 . 18Hrs 
0 . 047ppb 
0 . 387 ppb 


POSITION  TIME  (Hrs ) 


Leading  Edge 

Cp/2 

Peak 

Centroid 

Mean 

Cp/2 

Est.  End  Pt. 


0.00 

5.63 

14.74 

24.58 

25.06 

31.87 

70.65 


Discharge  = 
Dye  Injected  = 
Dye  Recovered  = 
Recovery  Ratio= 


45.20CMS 

2.856kg 

1.925kg 

0.674 


Half-Durat  ion  = 
Variance 
Skewness  = 

kurtosis  = 

Alpha  = 

Beta  = 


26 . 25Hrs 
148.56 
0.62 
-0.43 
4.64 
0.02494 


TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(PPb) 

62.45 

0.00 

0.000 

68.07 

5.62 

0.193 

72.98 

10.54 

0.363 

75.07 

12.62 

0.374 

77.18 

14.74 

0.387 

79.23 

16.79 

0.374 

81.23 

18.79 

0.361 

83.23 

20.79 

0.334 

85.23 

22.79 

0.323 

87.23 

24.79 

0.293 

89.23 

26.79 

0.243 

91.23 

28.79 

0.232 

93.23 

30.79 

0.216 

95.23 

32.79 

0.175 

97.23 

34.79 

0.164 

99.23 

36.79 

0.142 

101.23 

38.79 

0.137 

103.23 

40.79 

0.120 

105.23 

42.79 

0.112 

107.23 

44.79 

0.096 

109.23 

46.79 

0.095 

111.23 

48.79 

0.088 

113.23 

50.79 

0.085 

115.23 

52.79 

0.076 

117.23 

54.79 

0.068 

133.10 

70.65 

0.000 

. 


SAMPLE  SITE:  SMOK v -PEACE  CONFLUENCE.  1.3  KM 
INJECTION  SITE:  WATINO 


Injection  T ime : 1990-02-06  12:46 
Location  of  sample:  Section  Average 


Leading  edge 

= 62 . 06Hrs 

Discharge 

= 45. 

Time  to  Peak 

= 77 . 23Hrs 

Dye  Injected  = 2. 

Background  Cone. 

= 0.047ppb 

Dye  Recovered  = 1. 

Peak  Cone. 

= 0.260ppb 

Recovery  Ratio=  0. 

POSITION  TIME 

: ( Hrs ) 

Leading  Edge 

0.00 

Half-Durat  l on  = 

36 . 52Hrs 

Cp/2 

5.92 

Variance  = 

161.13 

Peak 

15.17 

Skewness 

0.35 

Centroid 

30.68 

Kurtosis  = 

-0.69 

Mean 

28.06 

Alpha  = 

8.28 

Cp/2 

42.44 

Beta 

0.02701 

Est.  End  Pt. 

89.10 

TIME  FROM 

TIME  FROM 

CONCENTRATION 

INJECTION 

LEADING  EDGE 

(Hrs) 

(Hrs) 

(PPb) 

62.06 

0.00 

0.000 

68.07 

6.01 

0.132 

73.15 

11.09 

0.246 

75.12 

13.06 

0.260 

77.23 

15.17 

0.260 

79.23 

17.17 

0.248 

81.23 

19.17 

0.237 

83.23 

21.17 

0.220 

85.23 

23.17 

0.207 

87.23 

25.17 

0.209 

89.23 

27.17 

0.215 

91.23 

29.17 

0.239 

93.23 

31.17 

0.221 

95.23 

33.17 

0.196 

97.23 

35.17 

0.184 

99.23 

37.17 

0.163 

101.23 

39.17 

0.154 

103.23 

41.17 

0.140 

105.23 

43.17 

0.124 

107.23 

45.17 

0.111 

109.23 

47.17 

0.107 

111.23 

49.17 

0.097 

113.23 

51.17 

0.088 

115.23 

53.17 

0.084 

117.23 

55.17 

0.076 

149.54 

87.48 

0.001 

151.16 

89.10 

0.000 

20CMS 

856Kg 

706Kg 

597 


APPENDIX  C 


Channel  Cross-section  Information 


t 


River  cross-section  data 
for  the  Big  Mountain  Creek  sample  site 


Distance  Depth 
from  LB 

(m)  (m) 


0 

.0 

0. 

.00 

7 , 

.0 

0, 

.50 

13  . 

.0 

0. 

. 89 

28 

. 0 

1 . 

. 1 1 

36 

.0 

1 . 

. 19 

49 

,0 

1 . 

.41 

52  . 

.0 

0 , 

.60 

54  , 

.0 

0, 

.00 

55  . 

.5 

-0  , 

.50 

I c e 

t h i ckne  s s 

(m) 


0.50 
0.51 
0 .29 
0.77 
0.64 
0.60 


R 

i v e r 

cross- 

section 

data 

for 

the 

Bear 

Ri 

ve  r s amp  1 e s 

i t e 

D i stance 

Depth 

I c e 

Top 

of 

f rom  LB 

t h i c kn  e s s 

i c e 

(m) 

(m) 

(m) 

(m) 

0 

.00 

0 . 

70 

0. 

. 50 

-0  . 

25 

6 

.60 

0 . 

80 

0 . 

.55 

-0  . 

20 

18 

.60 

1 . 

24 

0 , 

, 75 

0 . 

00 

30 

. 60 

1 . 

60 

0 , 

. 75 

0 . 

00 

42 

. 85 

2 . 

07 

0 . 

. 65 

0 . 

00 

56 

. 10 

2 . 

25 

0 , 

. 75 

0 . 

00 

68 

. 10 

1 . 

55 

0 . 

. 60 

-0  . 

10 

73 

.60 

0 . 

55 

0 . 

.55 

-0  . 

15 

76 

.60 

0. 

00 

-0  . 

18 

77 

.60 

-0  . 

25 

-0  . 

20 

79 

.60 

-0. 

50 

River  cross-section  data 


for  the 

I c e 

Bridge 

s amp  1 e 

s i 

D i stance 

Depth 

I c e 

from  LB 

(m) 

th i ckne  s s 

(m) 

(m) 

0 

.0 

0 . 

75 

0 . 

. 75 

24 

.0 

1 . 

15 

0. 

. 75 

45 

.0 

1 . 

45 

0. 

. 75 

67 

.5 

1 . 

90 

0 . 

. 75 

86 

.0 

1 . 

95 

0, 

. 75 

118 

.0 

1 . 

90 

0. 

. 75 

149 

.5 

1 . 

40 

0 , 

. 70 

188 

. 7 

0 . 

, 75 

0. 

. 65 

190 

.0 

0 . 

.65 

0 , 

.65 

201 

.0 

0 . 

.00 

205 

.0 

-0. 

.50 

River  cross-section  data 
for  the  Smoky  River  Mouth  sample  site 


Distance  Depth 
from  LB 

(m)  (m) 


I c e 

th i ckne  s s 
(m) 


0 . 

.0 

0, 

.00 

0 . 

.6 

0 , 

. 37 

0 , 

.37 

24  . 

.0 

1 , 

. 45 

0. 

.37 

38  . 

.0 

4 , 

. 00 

0. 

.45 

65  , 

. 8 

4 , 

. 90 

0, 

. 64 

112, 

.0 

6 , 

. 30 

0. 

. 40 

144  , 

.0 

5 . 

.00 

0. 

.35 

164  , 

.0 

4 , 

.60 

0 . 

. 35 

183. 

.5 

5 , 

. 30 

0 . 

.38 

197  , 

.5 

6 

.00 

0 . 

.40 

214  , 

.5 

5, 

. 50 

0 . 

,51 

235  , 

.0 

0, 

.50 

0 . 

.51 

237  , 

.0 

0, 

.00 

240, 

.0 

-0, 

.40 

River  cross-section  data 
for  the  Wat i no  sample  site 


Distance  Depth  Ice 

f r om  LB  thickness 


!m) 

(m) 

(m) 

0 

.0 

0. 

.00 

4 

.5 

0 , 

. 60 

0 , 

. 60 

11  . 

.0 

1 . 

. 46 

0 , 

. 60 

20 

. 6 

3 , 

.67 

0 . 

. 60 

28 

.9 

4 , 

.50 

0 , 

.67 

42  , 

.0 

4 , 

. 50 

0 , 

.57 

58 

. 4 

3, 

.65 

0 . 

.53 

77  , 

. 4 

1 . 

. 70 

0 . 

. 54 

95 

. 4 

0 . 

. 89 

0 . 

. 20 

115 

. 4 

1 

.33 

0 , 

.43 

140 

. 4 

1 , 

.03 

0 . 

. 40 

173 

.9 

0 

.69 

0 , 

. 44 

197 

.0 

0 

.45 

0 , 

.45 

203 

.0 

0 

.00 

210 

.0 

-0 

. 50 

River  cross-section  data 
for  the  Tangent  sample  site 


Distance  Depth 
from  LB 

(m)  (m) 


I c e 

thickness 

(m) 


0.0 

2.5 

6.0 

17.6 

32.5 

45.0 
53 . 8 

69.0 
83  . 7 

95.7 

99.5 
102.5 


0 . 00 
0 . 55 
1 . 40 
1 .25 
1 . 44 
2 .26 
1 .47 
1 . 74 
2.45 
0.52 
0 . 00 
-0 . 50 


0.55 
0.55 
0.55 
0 .47 
0 . 50 
0.55 
0 .52 
0.52 
0 .52 


River 

cross- 

section  data 

for  the  Puskwask.au 

River  s amp  1 

e s i 

Di  stance 

Depth 

I c e 

Top 

from  LB 

thickness 

i c e 

(m) 

(m) 

(m) 

(m) 

0 . 0 

0.00 

0 . 0 

1 . 70 

0 . 50 

0. 

9.0 

1 . 85 

0.60 

0. 

22  . 3 

2 .07 

0 . 80 

-0. 

32 . 4 

1 .98 

0.45 

0. 

40 . 5 

1 .98 

0.55 

0. 

49.0 

1 . 88 

0.56 

0. 

57.0 

1 . 85 

0.62 

0. 

60 . 5 

1 . 85 

0.65 

0. 

60.5 

0 . 00 

0. 

60.5 

-0.50 

River  cross-section 

data 

for  the  Codesa  s amp  1 

e site 

Distance 

Depth 

Ice 

f r om  LB 

(m)  th i ckne  s s 

(m) 

(m) 

0.0 

0.50 

0 . 50 

13.0 

0.97 

0.53 

44 . 0 

2.08 

0 . 60 

69.0 

3.10 

0 . 35 

92 . 5 

3.13 

0 . 35 

101  .0 

2.50 

0.65 

111.0 

0.65 

0.65 

114.5 

0.00 

117.0 

-0.50 

t e 

o f 

00 

00 

05 

00 

00 

00 

00 

00 

00 


River  cross-section  data 
for  the  Wapiti  Mouth  sample  site 


Distance  Depth 
from  LB 

(m)  (m) 


I c e 

thickness 

(m) 


0 , 

.0 

0 . 

.00 

5 , 

.5 

0 . 

.45 

0 

. 45 

16  , 

.5 

1 . 

. 20 

0 

.55 

31 

. 8 

2 . 

. 65 

0 

. 65 

45 

. 8 

2 . 

. 85 

0 

. 80 

60 

.0 

2 . 

.35 

0 

.55 

78  . 

. 5 

1 . 

. 25 

0 

. 50 

82 

. 0 

0 , 

. 50 

0 

. 50 

84  , 

.5 

0 . 

.00 

86 

.5 

-0  . 

.50 

River  cross-section  data 
for  the  Bezanson  sample  site 


Distance  Depth 
f r om  LB 

(m)  (m) 


I c e 

thickness 

(m) 


0.0 
7 .0 
40 . 6 
67 . 2 
85.0 
98  . 8 

114.0 

121.1 

129.0 

168.5 

176.0 

181.5 


0.00 
0.47 
2 . 69 
3.29 
3.12 
2.40 
2 .73 
2 . 90 
3 . 24 
0.50 
0.00 
-0.50 


0 .47 
0 . 50 
0 . 52 
0 .47 
0.49 
0 . 34 
0 .47 
0.53 
0.50 


I 


